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MINUTES OF THE SPRING MEETING, 1925.

Madison, Indiana.

The 1925 Spring Meeting of the Indiana Academy of Science was
held at Clifty Falls Park, Madiscn, Indiana, May 14, 15, and 16, 1925,

with headquarters at Clifty Inn.

A hundred and twenty-five members and guests enjoyed the meeting
in this historical and picturesque part of the State. The members
present were: Esther Adams, A. R. Addington, Flora Anderson, F.

M. Andrews, C. A. Behrens, W. M. Blanchard, W. S. Blatchley, H. R.

Bolen, Chas. Brossman, H. L. Brunei', E. A. Byers, W. A. Cogshall,

Ruth Combs, Stanley Coulter, Glenn Culbertson, E. R. Cumings, C. A.

Deppe, H. F. Dietz, Elizabeth Dugan, D. H. Dunham, J. B. Dutcher,

H. E. Enders, Ralph Esarey, G. W. Finley, Florence Flemion, A. L.

Foley, Mr. and Mrs. R. C. Friesner, R. A. Gantz, M. Garner, E. Y.

Guernsey, H. I. Hansford, R. N. Harger, Pauline Harker, D. F. Heath,

Cora B. Hennel, W. N. Hess, Florence Hooper, Emery Hutchinson,

Russell Kinnet, Christian Knecht, W. N, Logan, F. E. Louraine, C. A.

Malott, M. S. Markle, G. E. Moore, J. M. Moore, D. M. Mottier, Naomi
Mullendore, G. S. Myers, Everett Paschen, F. Payne, C. L. Porter, O.

L. Railsback, R. R. Ramsey, Fredda Reed, W. E. Riecken, F. C. Robert-

son, Emma Schlender, John Schwartz, Will Scott, E. R. Smith, Chas.

Stoltz, J. E. Switzer, R. C. Tasker, W. M. Tucker, J. M. Van Hook, Paul

Weatherwax, Arthur Wedel, H. W. Wiley, Etta S. Wilson, and J. S.

Wright.
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BUSINESS SESSION.

Clifty Inn, May 14, 1925.

The meeting was called to order by President Cumings at 7:10
Thursday evening in Clifty Inn.

A rather lengthy discussion followed L. J. Rettger's suggestion that
there be an earlier date set for the fall meeting of the Academy this

year. There did not seem to be any time upon which all could agree,

so W. M. Blanchard moved that the fall meeting be held the first week
in December. Motion carried.

The Membership Committee presented the following names. On mo-
tion the persons named were elected to membership.

Bradt, Wilbur E., Instr. in Chem., Indiana Univ., Bloomington.
Brenton, Emily E., Botany teacher, Worthington.
Briscoe, H. T., Asst. Prof. Chem., Indiana Univ., Bloomington.
Brown, Oliver W., Prof., Chem., Indiana Univ., Bloomington.
Garner, Murvel R., Asst. Prof. Biol., Earlham Col., Richmond.
Green, Darrell B., Physics teacher, Martinsville.

Harker, Pauline L., Stud., Geol., Indiana Univ., Bloomington.

Hennel, Cora B., Assoc. Prof. Math., Indiana Univ., Bloomington.

Myers, George S., Stud. Zool., Indiana Univ., Bloomington.

Martin, Earl R., Prof. Physics, Lehigh Univ., Bethlehem, Pa.

Miller, Virgil H., Asst. Physics, Indiana Univ., Bloomington.

Reed, Fredda D., Botany Dept., Earlham College, Richmond.

Schwartz, A. John, Pharmia Col. Botany, Indianapolis.

Skinner, Olind, Asst. Physics, Indiana Univ., Bloomington.

The secretary read a letter from the A.A.A.S. which announced

that the Indiana Academy of Science had become affiliated and asked that

the Academy name someone to represent it on the Council.

A. L. Foley moved that the matter be left with the Executive Com-
mittee with power to act. Passed.

A letter from Editor Davis was read. He stated that the manu-
script for the Proceedings was handed to the printer in December, but

owing to the work of the legislative session they could not get it

printed as early as was hoped. He asked that if any of the members
were not keeping their proceedings on file and did not care for them, the

State Library would be glad to have them.

A letter from Earl S. Ferguson, Manager of Convention Bureau,

asking if the Academy would be interested in inviting the National

Academy of Sciences to meet in Indianapolis was read.

W. N. Logan moved that the matter be left to the Executive Com-
mittee with power to act. Passed.

F. M. Andrews read a letter from C. C. Deam who was unable to

be present on account of illness.

F. M. Andrews moved that telegrams be sent to C. C. Deam and to

E. B. Williamson. Motion carried.
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President Cumings appointed F. M. Andrews to send the telegrams.

Business meeting adjourned.

Thursday, May 14.

A short program followed the business session.

Glenn Culbertson described the Geology of Jefferson County, using

charts of the formation and a map of the region to illustrate his talk.

Richard Lieber spoke on "Our Misconduct in Nature" in which he

brought out the waste of our natural resources.

Mrs. Etta Wilson of Detroit, Michigan, gave an illustrated lecture

on "Swans and Other Birds".

Friday, May 15.

Friday morning was spent in exploring Clifty Gorge. After dinner,

everyone enjoyed a sight-seeing auto trip which included trips to the

Southeastern Hospital, the Ohio Valley above Madison, Chain Mill Falls,

Butler Falls, and Hanover College.

Nearly all the members and guests remained for the dinner Friday
evening.

F. M. Andrews moved that a letter of thanks be sent to each of the

following: Management of Clifty Inn, President Millis of Hanover
College, The Rotary Club of Madison, Professor Culbertson, Mrs. Wilson,

Mr. Lieber and Doctor Wiley. Motion carried.

Stanley Coulter introduced the main speaker of the evening, Dr.

Harvey W. Wiley of Washington, D.C., who spoke of his "Life Work".

Saturday, May 16.

Saturday morning the crowd dispersed, visiting places of interest.

Some visited the Southeastern Hospital to see the industrial work done

by the patients. Some visited the Lanier Historical Building and

other places of interest in Madison.

Flora Anderson,
Secretary.
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WINTER MEETING.

Program of the Forty-first Annual Meeting of

THE INDIANA ACADEMY OF SCIENCE

HELD at

THE INDIANA STATE NORMAL SCHOOL AND

THE ROSE POLYTECHNIC INSTITUTE

TERRE HAUTE, INDIANA.

December 3, 4 and 5, 1925.

Thursday, December 3, 1925.

8:00 p. m. Meeting of the Executive Committee.

Reports of Officers and Committees.

Friday, December 4, 1925.

10:00 a. m. General Session.

General Business Session.

Introductory

—

*For the Indiana State Normal School

Pres. L. N. Hines

*For the Rose Polytechnic Institute

Pres. F. C. Wagner

Presentation of Papers of General Interest.

In Memoriam

—

Charles Davis M. L. Fisher

Percy Norton Evans Stanley Coulter

John Newell Hurty John S. Wright
Edwin Sheldon Johonnott C. L. Mees
Thomas Carwin Mendenhall C. L. Mees
Edward George Proulx R. H. Carr

Philip Spong H. L. Brunei-

Strange Visitors: The Starling, Burrowing Owl and

Harris' Sparrow Amos W. Butler

*The Centenary of Thomas H. Huxley. .. .Robert Hessler

*Further Experiments with Locomotive Whistles....

Arthur L. Foley

Biological Sciences in Our High Schools

Alfred C. Kinsey

* Papers starred not published in this Proceedings.
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*A Universal Language—Its History and

Feasibility Claude N. Settles

^Science in Indiana, 1885 vs. 1925 ... .Chas. R. Dryer

President's Address—The Earth's Framework
E. R. Cumings

12:00 Noon Academy Luncheon.

2:00 p. m. Sectional Meetings.

BOTANY.

An Unusual Impatiens biflora II F. M. Andrews
Starch Formation F. M. Andrews
Etiolation F. M. Andrews
Leaves of Setaria Glauca F. M. Andrews
On the Number of Chloroplasts in the Cells of

Sporophyte of AntJwceros laevis . . . .Atha A. Pinnick

Some Anomalies in the Development of the Seed of

Pinus Alma Marie Bell

Plants New or Rare to Indiana—XIII. .Chas. C. Deam
Recent Indiana Weeds, 1925 Albert A. Hansen
An Ecological Study of the Flora of Fountain
Park and Portions of the Territory, Jasper

County, Indiana Winona H. Welch
* Enumeration of the Vascular Flora of Jasper

County, Indiana Winona H. Welch
Bacterial Spores for Class Work P. A. Tetrault

Bacteria in the Roots of Gleditsia triaeanthos L.

Gladys M. Friesner

Some Xylarias of Indiana Stacy Hawkins
A New Species of Graphium . J. M. Van Hook
Gloeosporium hysterioideum. Dear. & Barth.—

A

Leaf Disease of Acer saccharum Marsh
J. M. Van Hook

Indiana Fungi—IX J. M. Van Hook
Indiana Plant Diseases, 1924 Max W. Gardner

Phases of Science Teaching in Secondary Schools

Frederick C. N. Hedebol

Agglutinin Production, Frequency of Injections

Varied, Dosage and Total Amount Injected Con-

stant Charles A. Behrens

On the Non-Appearance of the Negative Phase in

Treatment with Heterophile Antigen by Mouth
H. M. Powell

^Infection Periods of Apple Blotch in 1925

Edwin J. Kohl

Observations on Damage to Drills by Copper Car-

bonate Treated Wheat
C. T. Gregory and I. D. Mayer

* Papers starred not published in this Proceedings.
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CHEMISTRY—MATHEMATICS—PHYSICS.

The Use of Determinants in College Mathematics

Will E. Edington

*Some Experiments on Canal Rays.. Mason E. Hufferd

Calcination of Dolomitic Limestones

Herman T. Briscoe

The Electrometric Titration of some Aluminium
Solutions. . . .F. 0. Anderegg and G. W. Daubenspeck

Notes on the Singing Hydrogen Flame
W. M. Blanchard

Notes on the Combustion of a Candle in Chlorine

W. M. Blanchard

Determination of the Percentage by Volume of

Oxygen in the Air . Ralph W. Hufferd

*Variations in the Composition of the Canes, Stems
and Fruit of the Concord Grape H. A. Noyes

Continuation Course in Chemistry John White
Potentiometric Titrations with Hydrazine Sulfate

M. G. Mellon and V. N. Morris

Adsorption by Precipitates V. N. Morris
*Anomalous Action of the Rayleigh Disk

Charles H. Skinner

*The Effect of Light on the Thermal Conductivity

of Selenium R. Earl Martin

^Bibliography of Published Literature on Selenium

R. Earl Martin

The High Frequency Resistance of Condensers in

Series R. R. Ramsey
On the Resistance of Radio Circuits R. R. Ramsey
*The Bernoulli Theorem Arthur L. Foley

Recent Progress in Fixation of Nitrogen

Alfred T. Child

*A Synchrono-Phosphoroscope B. A. Howlett

*The Abraham and Lemoine Method of Measuring
Short Time Intervals B. A. Howlett

Improvement of the Disciplinary Training of High
School Science Edwin M. Bruce

*The Deltoid C. P. Sousley

GEOGRAPHY—GEOLOGY—ARCHEOLOGY.

Cloud Types W. M. Tucker

Forms of Condensation of Water Vapor. .W. M. Tucker
* Geological Conditions Revealed by some deep Wells

in Indiana and Ohio W. N. Logan

Some Geological Features of Wayne County,

Indiana T. M. Bushnell

Notes on the Areal Geology of Hancock County,

Indiana W. E. Tharp

Papers starred not published in this Proceedings.
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*Base Level and Its Varieties Clyde A. Malott

The Glacial Boundary in Indiana Clyde A. Malott

^Geographic Influences in the French and Indian

War. . B. H. Shockel

Notes on the Pre-glacial Drainage of the Trade-

water River, Kentucky Gerard Fowke
* Geographic Regions of Indiana. . . .Frederick J. Breeze

Fauna of the Brassfield Limestone of Jefferson

County, Indiana J. Archer Culbertson

A Special Case of Drainage Adjustment near the

Illinoian Drift Margin in Southeastern Owen
County, Indiana Arch R. Addington

Geographical Positions with a Sextant. .W. A. Cogshall
* Fossil from the Mancos-Dakota-Tununk Formation

in the Vicinity of Steamboat, Arizona

Albert B. Reagan
Description of Some Fossil Plants from the Stan-

ford Paleontological Collection

Albert B. Reagan
*A Factorial System for Describing the Colors of

Soils Joseph Gladden Hutton

*Fossils from the Black Mesa (Zilhlejini formation)

Area in the Navajo Country, Arizona

Albert B. Reagan
*Retardation of Setting of Cement Carl E. Dutton

ZOOLOGY.

Studies in Behaviorism Chas. W. Hargitt

Abnormal Growth of the Incisor Teeth of the

Woodchuck Walter N. Hess

*The Nerve Plexus of the Earthworm
Walter N. Hess

A Synopsis for the Identification of the Amphibians
and Reptiles of Indiana George S. Myers

* Further Studies on Craspedacusta ryderi

F. Payne
A Neglected Factor in Prosthesis Edward N. Canis

The Insect Situation in Indiana, 1925 J. J. Davis

*Boys and Girls' Insect Collection Contests

J.J. Davis

Opportunities in Entomology J. J. Davis

*Economic Status of Animal Pests in Indiana in

1925 Galen C. Oderkirk

A Specimen and the Extinct Musk-Ox Symbos
cavifrons (Leidy) from North Liberty, Indiana

Marcus Ward Lyon, Jr.

*Archeological Notes on the Fort Apache Region,

Arizona Albert B. Reagan

' Papers starred not published in this Proceedings.

2—35508
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Euthenics and Biography Robert Hessler

^Toxicity of Bovine Serum for Laboratory Animals
Roscoe R. Hyde

* Proof for the Theory of Corpuscular Anaphylaxis

Roscoe R. Hyde
Birds of Madison County, Indiana. . . .Sidney R. Esten

Further Notes on Summer Birds of Winona Lake
Louis Agassiz Test and Sidney R. Esten

Typhoid Fever Epidemic at Winona Lake during

the Summer of 1925 Louis Agassiz Test

The Biota of a Section of the Upper Tippecanoe

River Will Scott

* Sedimentation of Red Cells in the Vertebrates. . . .

R. A. Gantz

6:00 p. m. Academy Dinner in Honor of Charter Members.

Amos W. Butler, Toastmaster.

8:15 p. m. illustrated Lecture: "Some Features of the Indiana Flora",

by Dr. H. C. Cowles, University of Chicago.

Saturday, December 5, 1925.

9:00 a. m. Trip to Super-Power Plant at Dresser.

9:10 a. m. Trip to Rose Polytechnic Institute and Davis Gardens.

Papers starred not published in this Proceedings.
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MINUTES OF THE EXECUTIVE COMMITTEE.

December, 3, 1925.

The Executive Committee was called to order at 8:00 p. m. in

Hoosier Nook, Hotel Deming, by President Cumings. The following

members were present: Flora Anderson, F. M. Andrews, A. J. Bigney,

W. M. Blanchard, A. W. Butler, W. A. Cogshall, Stanley Coulter,

Glenn Culbertson, E. R. Cumings, H. E. Enders, J. J. Davis, H. F.

Dietz, C. C. Deam, C. L. Mees, D. M. Mottier, W. J. Moenkhaus, J. P.

Naylor, Charles Stoltz and J. S. Wright.

The minutes of the Spring Meeting were read and approved.

President Cumings stated that he wrote to Dr. David White re-

garding the meeting of the National Academy of Science in Indianapolis.

After some time Mr. White wrote that the National Academy of Science

had arranged to meet at Madison, Wis., where there were several

members.

Reports of officers were as follows:

Report of Treasurer.

—

December 1, 1924, balance in treasury $709 67

Dues collected December 1, 1924-December 1, 1925 669 00

Interest on deposit, Central Trust Co 11 38

Total $1,390 05

Total expenditures 984 75

Balance, December 1, 1925 $405 30

On motion and second the report was accepted.

Press Secretary.—Press Secretary Dietz reported that he has en-

joyed the hearty co-operation of the press in Indianapolis, of the press

associations that cover the State and of the Editor of Science. The Press

Secretary pointed out that the members presenting papers on the pro-

gram could help him very much if they would send him abstracts of the

papers they will present, for he is constantly being asked the contents

of papers on the program. If a practical application of research can

be pointed out, it should be done.

A. W. Butler moved that the report be accepted with thanks to the

Press Secretary. Motion carried.

Editor.—Editor Davis reported that volume 34 of the Proceedings

of the Indiana Academy of Science was distributed July 20, 1925. The
complete manuscript was submitted for publication December 24, 1924,

and printing was well under way before it was halted by priority publica-

tions of the State Legislature. The completed page proofs were in the

hands of the printer three months before the distribution of the volume.

It is hoped such delay may be avoided next time.

The constitution and by-laws were omitted from the volume, but

probably should be included in the next one.
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As a rule the authors have followed the Editor's Code which has
been of great assistance and very gratifying to the editor.

The cost of the 1923 Proceedings was $1,282.18 in comparison to

$1,668.64 for the 1924 Proceedings, a difference of $386.46.

This is accounted for by the following items:

1923 1924
1,000 copies printed 1,300 copies printed

336 pages 428 pages
Paper bound Cloth bound

The financial report is as follows:

State Funds.

Balance from 1923 Proceedings $191 01

Annual Appropriation for 1924 Proceedings 1,200 00

Total $1,391 01

Cost of 1924 Proceedings $1,668 64

Paid by State Academy Treasurer 100 00
Paid from sale of reprints 177 63

$1,668 64

Reprint Account. *

Balance from 1924 fund $134 35

Received from authors for reprints 318 45

Total $452 80

Paid Burford for extra reprints $111 18

Paid Burford for extra cost of Proceedings 177 63

Paid in postage and express on reprints 6 76

Total expenditures , $295 57 $295 57

Balance in Reprint Fund $157 23

W. A. Cogshall moved that the report be accepted and that a

unanimous vote of thanks be extended to the Editorial Committee for

the very efficient work. Motion carried.

Standing Committees reported as follows:

Program.—Chairman Rettger submitted the printed programs as

his report.

Relation of Academy to the State.—In the absence of Chairman

Wallace, H. F. Dietz read the report which stated that the appropria-

tion from the State to the Academy was passed in the last session of

the Legislature. The revolving funds were all abolished and the

Academy will have to use its funds yearly from now on because any

* A charge was made for reprints in older to add to the available publishing fund.
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unexpended balance reverts to the State at the end of the fiscal year.

The report was adopted.

Advisory Council.—After some discussion as to the duties of this

committee, A. W. Butler moved that the Advisory Council be eliminated

from the list of standing committees. Passed.

Research Committee.—Chairman Foley was unable to attend the

meeting, but sent a report which stated that there had been no formal

meeting of the committee called this past year, but there had been in-

formal discussions with various members of the committee. It has been

awaiting the results of the letters sent out last year. The chairman has

received requests for research aid from eleven different manufacturers.

Six of these were answered by the chairman, two were referred to other

members of the Research Committee and three are still "hanging fire".

Two citizens of Indiana have assured the chairman that they ex-

pect to make provision in their wills for a bequest for research work.

While neither of the two is extremely wealthy, it shows that some
of the citizens of Indiana are beginning to realize their opportunities

in furthering scientific research.

Archeological Survey.—Chairman Logan reported that in June 1925

the committee met in Indianapolis with representatives of the Indiana

Historical Bureau to discuss ways of securing funds for making in-

vestigations of some of the archaic deposits of Indiana. Funds were

solicited from individuals and from the general public, but, although

some funds were promised, the amount was not large enough to carry

out the contemplated plans.

In Harrison County a number of flint quarries, camp sites, shelters,

mounds and burial places were located, and if permission can be secured

from owners of the land, an attempt will be made to explore some of

these deposits.

Lack of funds for defraying expenses hinders the explorations.

Some form of legislation to prevent the destruction of these relics by
collectors should be brought about.

Glenn Culbertson moved the adoption of the report. Passed.

Academy Foundation.—Chairman Butler gave the following report:

Endowment Fund for Research.

1924.

December 1. Balance on hand $26 92

Receipts

:

Interest Bid. & Sav. Stock 24 00

Interest L. L. Bonds 4 25

Interest U. S. Treas. Note 13 50

$68 67

Investments.

Railroadmen's Building and Savings Assn $700 00

United States Treasury Notes—now due 200 00
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United States 4th Liberty Loan Bond 50 00

$950 00

Balance on hand $68 67

Total in fund $1,018 67

D. M. Mottier moved that the report be accepted. Carried.

State Library.—Chairman Dietz reported that exchanges were being

bound as fast as sets could be completed and funds could be secured. The
exchanges—bound and unbound—are catalogued and filed together and
are accessible at all times. The crowded condition of the State Library

is acute and hampers the usefulness of it.

The report was accepted.

Stanley Coulter moved that the Committee on State Library be

requested to bring the list of the scientific and technical serials in the

State Library up to date. Motion carried.

It was urged that all who were not interested in keeping complete

tiles of the Proceedings, return the 1923 Proceedings to the State Library

to take care of the shortage in that volume.

Auditing Committee.—Chairman Naylor reported that the Treas-

urer's books and the Editor's account had been audited and found correct.

Report was accepted.

Biological Survey.—Chairman Dietz stated that the committee had

been active during the year, but that there was little to add to the report

of last year. Considerable discussion followed the report, and it was
brought out that a great deal of the work done in colleges and uni-

versities properly came under the head of survey work.

J. J. Davis moved that the Biological Survey Committee determine,

through questionnaires to members of the Academy, the survey work
being done in the State, and to present a complete report at the next

meeting. Motion carried.

Membership Committee.—Chairman Andrews read the list of 83

names proposed for membership. On motion the following named per-

sons were elected to active membership

:

Abel, Edward LaRue, Assoc. Prof. Education, I. S. N. S., Terre

Haute.

Acher, Rudolph A., Teacher, I. S. N. S., Terre Haute.

Albertson, Rev. George, Asst. Prof. Biology, Notre Dame.
Allison, Robert V., Soil Science, 1350 B St., Washington, D. C.

Allyn, William Preston, Asst. Prof. Agri., Mt. Vernon.

Amatis, Sister, Teacher, St. Mary-of-the-Woods.

Andrews, Cecil, Stud. Butler Col., 328 Grant St., Greenfield.

Bailey, Clara Maurie, Asst. Botany, 111. Univ., Urbana, 111.

Belcher, Carl James, Teacher, Pilot Knob.

Beghtel, Floyd E., Prof. Botany, Ind. Central Col., Indianapolis.

Black, Roy D., Teacher, 510 Jefferson St., Madison.

Calles, Charles D., Greentown.
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Carmella, Sister, Teacher, Botany, St. Mary-of-the-Woods.

Carter, De Vere, Stud. Ind. Univ., 314 N. Wash. St., Bloomington.

Carter, Fred H., Bacteriologist, 631 S. 8th St., Terre Haute.

Cartwright, William B., Entomologist, Box 95, West Lafayette.

Child, Alfred T., Prof. Chem., Rose Poly. Inst., Terre Haute.

Church, Josiah M., Chem., 1028 N. 8th St., Terre Haute.

Church, Wilbur O., Chemistry, 1028 N. 8th St., Terre Haute.

Clearwater, J. F., Zoology, Crawfordsville.

Coleman, Christopher B., 334 N. State St., Indianapolis.

Conover, James F., Stud., I. S. N. S., 2220 N. 7th St., Terre Haute.

Davis, Luther D., Asst. Hort., Purdue Univ., Lafayette.

Donaghy, Fred, Biology, I. S. N. S., Terre Haute.

Eigenmann, Mrs. C. H., 630 Atwater Ave., Bloomington.

Ewers, James E., Teacher, 1220 N. 9th St., Terre Haute.

Gardner, Raymond E., Stud., 2234 Washington Ave., Terre Haute.

Geisler, Florence E., Teacher, 2267 N. Dearborn, Indianapolis.

Geller, John W., Stud., 432 N. 6th St., Terre Haute.

Grosjean, Thomas H., Chem., 1312 Center St., Terre Haute.

Harmon, Daniel L., Physics, St. Mary-of-the-Woods.

Hazel, Herbert C, Teacher, 1000 S. Lincoln St., Bloomington.

Higgins, Frank R., Prof. Math., I. S. N. S., 1719 N. 9th St., Terre

Haute.

Hutchins, Roland E., Prof. Civil Eng., Rose Poly. Inst., Terre Haute.

Hyatt, George F., Teacher, 624 N. Ireland, Greensburg.

Irons, Vernal, Stud., I. S. N. S., Jasonville.

Knipmeyer, Clarence Carl, Prof. Elec. Eng., Rose Poly. Inst., Terre

Haute.

Lockenvitz, Arthur E., Student, 314 E. Baker, Bloomington, 111.

MacGillivray, John Henry, Horticulture, Purdue Univ., Lafayette.

Mackell, James F., Prof. Physics, I. S. N. S., Terre Haute.

Mathias, Harry R., Teacher, 1421 Castle Ave., Indianapolis.

Meyer, Houston, Teacher, 111 Linwoocl, Indianapolis.

Morris, Inez, Teacher, 320 N. 7th St., Terre Haute.

Morris, Vlon N., DuPont Fellow, Univ. Minn., 323 Lutz Ave., W.
Lafayette.

Morton, William T., Stud., 2906 Schaal Ave., Terre Haute.

Mullen, Lowell, Asst., Butler College, Sheridan.

Oderkirk, Galen C, Biologist, U. S. D. A., 339 State St., W. Lafay-

ette.

Palmer, Chas. Mervin, Asst. Prof. Botany, Butler Col., Indianapolis.

Peddle, John B., Prof. Mach. Design, Rose Poly. Inst., Terre Haute.

Perkins, Wendell LeRoy, Assoc. Prof. Geol., I. S. N. S., Terre Haute.

Pinnick, Atha A., Teacher, E. 10th St., Bloomington.

Post, Mrs. Ida M., 920 N. Center St., Terre Haute.

Price, Otho J., Teacher, 605 Grant, Terre Haute.

Quick, Carl J., Zoology, Ind. Univ., Bloomington.

Rauth, Adolph W., Inst. Physics, Rose Poly. Inst., Terre Haute.

Roberts, Otis S., Acting State Chemist, 328 S. Grant, W. Lafayette.

Robinson, Harold H., Stud., DePauw Univ., Box 129, Culver.
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Russell, Wilbur Smith, Stud., 2015 S. 8th St., Terre Haute.
Schnarr, Glenn, Teacher, 319 Brown, Winchester.

Settles, Claude N., Asst. Prof. Eng. and Econ., Rose Poly. Inst.,

Terre Haute.

Shock, N. W., Stud., 600 N. 7th St., Lafayette.

Skelton, Maurice Z., Stud., I. S. N. S., 333 E. Georgia, Brazil.

Skinner, C. H., Assoc. Prof. Physics, Ohio Wes. Univ., Delaware, 0.

Smith, Benjamin H., Assoc. Prof. Botany, I. S. N. S., Terre Haute.

Smith, Orrin Harold, Prof. Physics, DePauw Univ., Greencastle.

Smock, Wauneta P., Stud., I. S. N. S., 2441 S. 8th St., Terre Haute.

Sousley, Clarence P., Prof. Math., Rose Poly. Inst., Terre Haute.

Spurgeon, Chas. Haddon, Physician, I. S. N. S., Terre Haute.

Stark, Mrs. Connie R., Stud., I. S. N. S., 724 N. 8th St., Terre Haute.

Steele, Frederich A., Instr. Chem., Notre Dame.
Stock, Louis, Prof. Drawing, Rose Poly. Inst., Terre Haute.

Strong, Leon Henri, Asst. Prof. Anat., Ind. Univ., Bloomington.

Strong, Martha T., Asst. Zool., Ind. Univ., Bloomington.

Tharp, William E., Bur. Soils, U. S. D. A., Washington, D. C.

Trueblood, Lesta, Teacher, R. R. C, Terre Haute.

Wagner, Frank Casper, Pres., Rose Poly. Inst., Terre Haute.

Weber, Russell G., Inst]'., Zool., Butler Col., Indianapolis.

White, John, Prof. Chem., I. S. N. S., Terre Haute.

Winkler, Bowlin Watt, Asst. Chem., Ind. Univ., Bloomington.

Wischmeyer, Carl, Prof. Mech. Eng., Rose Poly. Inst., Terre Haute.

Woodrow, Walter H., Teacher, Terre Haute.

Wright, Herman P., Stud., 506 N. Indiana, Bloomington.

Zinszer, Harvey Alfred, Instr. Physics, Lehigh Univ., 637 Fifth Ave.,

Bethlehem, Pa.

Old Business.—A letter from the A. A. A. S. announcing the affilia-

tion of the Indiana Academy with the Association and asking that a

representative be named to represent the Academy on the Council of

the Association was read. Howard E. Enders was elected as the

Academy representative on the Council for the year.

New Business.—Chairman Andrews read the following names for

Fellows in the Academy:
Ray C. Friesner, Butler College.

A. A. Hansen, Purdue University.

E. B. Mains, Purdue University.

C. A. Malott, Indiana University.

P. A. Tetrault, Purdue University.

It was moved that the above named persons be recommended to the

Academy for election as Fellows. Motion carried.

A letter from Mr. and Mrs. Friesner asking that their individual

membership in the Academy be combined into one joint membership was

read.

W. M. Blanchard moved that the request be granted. Passed.

W. M. Blanchard moved that two hundred dollars ($200.00) be

transferred from the Academy treasury to the Research Fund. Motion

carried.
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A. W. Butler moved that the Secretary revise the list of non-

resident members and report at the next meeting. Carried.

D. M. Mottier suggested that every member of the Academy ap-

point himself a committee of one to see that every candidate for the

State Legislature be informed on the purpose and function of the

Indiana Academy of Science.

It was moved that the matter of Academy publicity be referred to

the Committee on Relation of Academy to the State. Carried.

F. J. Breeze invited the Academy to meet at the Indiana State

Normal School, Muncie, for its next annual meeting.

W. M. Tucker, speaking for Sigma Xi of Indiana University invited

the Academy to meet at Bloomington for the next annual meeting.

H. F. Dietz extended the invitation of the Chamber of Commerce of

Indianapolis to hold the next meeting of the Academy in Indianapolis.

W. M. Blanchard moved that since we never had met at Muncie,

we recommend to the Academy that the invitation from Muncie be

accepted. Passed.

Moved that night letters from the Executive Committee be sent to

E. B. Williamson and A. L. Foley, who were unable to attend the meet-

ing because of illness. Motion carried and Mr. Dietz was appointed to

take care of the matter.

Letters from past presidents C. A. Waldo, J. M. Coulter, W. A.

Noyes and H. W. Wiley were read.

Meeting adjourned at 10:25 p. m.

MINUTES OF THE GENERAL SESSION.

December 4, 1925.

The General Session was called to order at 10:00 a. m. by President

Cumings.

The minutes of the Executive Committee were read.

Stanley Coulter moved that the minutes of the Executive Committee

be approved and that the recommendations be concurred in. Motion car-

ried.

The Nominating Committee, consisting of H. E. Enders, Chairman;

A. J. Bigney, and W. A. Cogshall, was asked to report at the dinner in

the evening.

The brief business session was followed by the papers on the general

program. The memorials and the President's Address were given at the

morning session. The other general papers were presented at 2:00 p. m.,

after which the various sections met for the reading of papers.

There was a brief business session at the dinner. The Nominating

Committee proposed the following names:

President, William M. Blanchard, Greencastle.

Vice-President, L. J. Rettger, Terre Haute.

Secretary, Ray C. Friesner, Indianapolis.

Assistant Secretary, W. P. Morgan, Indianapolis.

Press Secretary, Harry F. Dietz, Indianapolis.

Treasurer, C. M. Smith, West Lafayette.

Editor of Proceedings, J. J. Davis.



26 Proceedings of Indiana Academy of Science

On motion and second the Secretary cast the ballot for the above

named officers.

Stanley Coulter moved a rising vote of thanks to the retiring Secre-

tary. Carried.

L. J. Rettger read the following resolution, which was approved:

Resolved, That the Academy deems it very desirable that Butler's

"Birds of Indiana" be republished at an early date, and

Resolved further, That the Academy views with great satisfaction

the favorable disposition of the Indiana Conservation Commission to

publish the same, when possible.

L. N. Hines, President Indiana State Normal School, and F. C.

Wagner, President Rose Polytechnic Institute, speaking for their re-

spective schools, extended a welcome to the Academy.
President Cumings then introduced Amos W. Butler, Toastmaster.

The dinner was in honor of the charter members of the Academy, and

a very interesting program was enjoyed by all. The keynote

of the toasts and of the letters read from absent members
was that of fellowship and comradeship among the members.

The evening program was as outlined—an illustrated lecture: "Some
Features of the Indiana Flora," by Dr. H. C. Cowles, Professor of Botany,

University of Chicago.

Flora Anderson,
Secretary.
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CHARLES DAVIS.

Lakeland, Indiana.

July 18, 1870.

Huntington County, Indiana.

July 7, 1925.

Charles Davis was bora at Lakeland, Parke County, Indiana, July

18, 1870, and was killed in an interurban crossing accident in Hunting-

ton County, July 7, 1925. He was the son of Samuel T. and Lucinda

Davis and received his early education in the rural schools of Parke

County. Later he attended DePauw University, Terre Haute Business

College, and Purdue University. From the latter institution he was
graduated in June, 1896, with the degree of Bachelor of Science in

Agriculture.

Charles Davis.

Having been reared on the farm and always deeply in love with its

work it was but natural that he should return to Parke County immedi-

ately after graduation and take up farming as his life work. Thus
from the time of graduation from college until 1921 he was actively en-

gaged in agricultural pursuits. To his farming he brought the knowl-

edge gained in the class room and put it to practical use, thus demon-
strating that it is possible to learn something about farming in school

and from books.

During several years of the time he lived on the farm he gave a

part of his time in the winter months to lecturing at farmers' institutes.
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In this way he was of much service to his fellow farmers and also

broadened his own grasp of agricultural problems.

Mr. Davis took an active interest in the affairs of his community.
On the civic side he served his county as auditor for four years, 1915-

1919. On the religious side he was a member of the Otterbein United
Brethern Church and worked as a teacher and superintendent in the

Sunday School for a number of years. He was also a member of the

Odd Fellows and Knights of Pythias in his home community.
In September, 1921, Mr. Davis became a member of the Agronomy

Department of Purdue University as an instructor in soils and crops

for ex-service men under the Rehabilitation Service of the United States

Government. As these ex-service men finished their allotted training

they set up practical farming for themselves, but the Government con-

tinued to give them the benefit of expert advice for a definite period.

For the sixteen months previous to his death Mr. Davis had been visit-

ing these men in their new locations and advising with them how best

to solve their problems and make their training successful. Perhaps

his work with ex-service men was the greatest he ever performed, for he

was admirably fitted by training, experience and temperament to render

just the service that these boys needed. He was universally beloved by

them and their expression of regret at his death was as of one who has

lost a father.

Mr. Davis had the unique distinction of being the first graduate in

Agriculture from Purdue University to have a son graduate from the

same course, his son Samuel T. graduating in 1919. He was always

interested in the work of his alma mater and kept in close touch with

her advancement.

In science, as all farmers must be, he was interested in its many
phases. As an instructor in soils and crops he was required to use a

broad knowledge of the many sciences related to these subjects. He was

a true scientist—conclusions were arrived at slowly and only after all

the information was carefully weighed and tested.

The Academy has lost a loyal member, science a sincere seeker

after truth, education a real teacher, and the community and his ac-

quaintances a true citizen and sincere friend.

M. L. Fisher.
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PERCY NORTON EVANS.

Montreal, Canada. Lafayette, Indiana.

September 6, 1869. July 3, 1925.

The death of Percy Norton Evans on July 3, 1925, was a great loss

both to Education and Science in the state.

He was born in Montreal, Canada, September 6, 1869, and graduated

from McGill University in 1890 with the degree of Bachelor of Applied

Science. From 1891 to 1893 he was at the University of Leipsic, Ger-

many, receiving the degree of Doctor of Philosophy in 1893. He also did

advanced work in chemistry at Clark University in 1894.

Percy Norton Evans.

In 1890 and 1891 he was assistant at McGill University, teaching

General Chemistry. In 1894 and 1895 he was assistant in the Nutri-

tion Laboratories at Wesleyan University, Middletown, Connecticut. In

1895 he became instructor in Chemistry at Purdue University to which
institution he gave a continuous and distinguished service until his death.

His advancement was rapid and from 1910 he held the position of Head
of the Department of Chemistry and Director of the Chemical Labora-
tory.

Administration duties made heavy drafts upon his time and strength

but the bibliography accompanying this sketch shows that in spite of

this, he made definite contributions to his chosen science.
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He became a member of the Indiana Academy in 1896, was made a

Fellow in 1901, and was chosen President in 1910. His presidential

address upon "The Place of Research in Undergraduate Institutions"

excited much comment because of its broad grasp and clear presentation

of the problems involved.

During these busy years, he found time to issue a text-book—Intro-

ductory Course in Quantitative Analysis—from the publishing house of

Ginn and Company.
Doctor Evans was a man of broad culture and fine appreciations in

Literature, in Music, in Dramatics, and in Art. He was a trained

musician and at times took part in dramatic presentations with excep-

tional brilliance. In a very rare degree he added the social graces

and amenities to the somewhat rugged strength which seems to be the

product of specialized technical training.

His interests and influence extended beyond his chosen field of work
and the university campus. He was not merely a trained teacher, a

skilled chemist, but also a good citizen. The cultured scholar is an asset

to any generation and Doctor Evans was a fine type of the cultured

scholar.

In the discussion of institutional and educational questions, Doctor

Evans was alert and critical, being a champion of a meticulous exactness

in all statements in rules and regulations or courses of study. His

interest in the internal affairs of the University was keen and his con-

tribution to the discussion of University policies was always helpful and

constructive.

I am indebted for the bibliography appended to the courtesy of

Mr. G. K. Foresman of the Department of Chemistry.

PAPEPvS BY PERCY NORTON EVANS.

1892. Condensation von B-Diketonen mit Harnstoff und Thioharnstcff.

J. Pract. Chem., V. 46.

1897. Certain Combustion Products of Natural Gas, Proc. Indiana

Acad. Sci.

Action of Calcium Chloride Solution on Glass. Proc. Indiana

Acad. Sci.

A Demonstration Apparatus. Proc. Indiana Acad. Sci.

1902. Dichloracetyl Phosphide (and C. E. Vanderleed). Am. Chem. J.,

V. 27.

1903. Double Salts in Solution. Proc. Indiana Acad. Sci.

1903. Ionic Friction. Proc. Indiana Acad. Sci.

1906. Adsorption of Dissolved Substances. Proc. Indiana Acad. Sci.

1906. Periodic Variation in Normal Urine (and W. H. H. Moore).

Montreal Med. J.

1910. Benzophosphide (and Jennie Tilt). Am. Chem. J., V. 44.

1910. The Place of Research in Undergraduate Schools. Proc. Indiana

Acad. Sci.

1910. Preparation of Ether. Proc. Indiana Acad. Sci.

1911. Chemical Notes on Ventilation. Proc. Indiana Acad. Sci.
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1913. The Efficiency of the Preparation of Ether from Alcohol and
Sulfuric Acid (and Lena M. Sutton). J. Am. Chem. Soc.

1913. The Meyer Molecular Weight Calculation. J. Am. Chem. Soc,

V. 35.

1913. Boiling and Condensing Points of Alcohol-Water Mixtures. Proc.

Indiana Acad. Sci.

1914. The Sentimental Science (Poem). J. Ind. and Eng. Chem., V. 16.

1914. What Grades Represent. Science N. S., V. 39.

1917. The Ethyl Sulfuric Acid Pveaction (and J. M. Albertson). J. Am.
Chem. Soc, V. 39.

1918. Sulfur By-Products of the Preparation of Ether (and G. K.

Foresman). Proc. Indiana Acad. Sci.

1921. Vapor Composition of Alcoholic-Water Mixtures. J. Ind. and

Eng. Chem., V. 13.

Stanley Coulter.
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JOHN NEWELL HURTY.

Lebanon, Ohio.

February 21, 1852.

Indianapolis, Indiana.

March 27, 1925.

John Newell Hurty, M. D., Phar. D., was born February 21, 1852,

at Lebanon, Ohio, and died at his home in Indianapolis, Indiana, March
27, 1925.

John Newell Hurty.

He came of excellent parentage. His father was a teacher and a

man of culture who gave skilled direction to his son's education. On
his mother's side he was descended from General Ethan Allen of Revo-

lutionary fame.

Doctor Hurty came to Indianapolis in 1875 after having been a

student in the Philadelphia College of Pharmacy and the Jefferson Medi-
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cal College. In Indianapolis he established himself as a pharmacist and
chemist. From the beginning- he took an active interest in questions

of sanitation and conducted an aggressive campaign for the improve-

ment of the city water supply and the eradication of typhoid fever.

In 1882 he was appointed lecturer on analytical chemistry and

sanitary science in the Medical College of Indiana, and continued as a

teacher in that institution and its successors the remainder of his life.

During the same year, 1882, he assisted in founding the Purdue

University School of Pharmacy of which he served as dean for a time.

From Purdue University he received the degree Doctor of Pharmacy.

In 1886 he received the degree of Doctor of Medicine from the

Medical College of Indiana and later was licensed as a physician.

In 1881 Doctor Hurty became teacher of chemistry in the Indiana

Dental College and remained an active and influential member of the

faculty until his death.

From 1890 to 1893 he was chemist for the Indianapolis City Board

of Health and was secretary of the Board from 1893 to 1896.

In these positions he demonstrated his character and exceptional

understanding of sanitary problems. This led to his appointment as

secretary of the Indiana State Board of Health in 1896. With Doctor

Hurty installed, this office immediately took on a new and more im-

portant significance. He made of it an opportunity to render the State

of Indiana, and incidentally many other states, such signal service

that soon he was recognized as one of the highest authorities in the

nation on questions of public health administration and reform.

During the twenty-six years he served as secretary of the State

Board of Health he was instrumental in securing the passage of more
than a score of laws and amendments for the betterment of living-

conditions in Indiana. Many of the enactments were secured only after

the most determined and prolonged fights lasting through years. In

these reform struggles Doctor Hurty gave unsparingly of his time and

strength as a leader. Doubtless the severe strain of these struggles

shortened his days.

As a result of his arduous service, Indiana now ranks second to no

other state in respect to laws dealing with the public health.

For many years Doctor Hurty was a member of this Academy. The
taxing duties of his office prevented him from taking an active part

in the work of the Academy, but he was always a sympathetic friend

and counselor, ready to do anything he could to advance the interests

of the Academy.
His keen appreciation of the relations of pure science to an under-

standing of our economic and health problems was constantly finding-

expression in his public addresses. As he went over the state talking to

physicians, nurses, schools and various other assemblies, he lost no

opportunity to pay a tribute to workers in science who had contributed

knowledge that had resulted in practical benefits to the people. In this

way he rendered a peculiar and valuable service to the Academy that

it is fitting for us to acknowledge and remember.

An outstanding trait of Doctor Hurty was his kindness to young

3—35508.
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men. In him the earnest, purposeful young man could always find sym-
pathy and help.

Doctor Hurty was the author of many articles in magazines, jour-

nals, health bulletins and newspapers. Three books of especial merit
were published. These are "Life with Health," "Health Lessons," and
the "Indiana Mothers' Baby Book." A fable entitled "The Young Mother
and the Fat Hog" was published and read throughout the world and
was read in the United States Senate. A worthy article on "The Book-
keeping of Humanity" was published in the Journal of the American
Medical Association and later issued in pamphlet form.

Especially noteworthy were the laws for which Doctor Hurty was
responsible.

Quoting from the report of the committee appointed to draft reso-

lutions in appreciation of Doctor Hurty, published in the Journal of the

Indiana State Medical Association, volume 18, April 15, 1925:

"Perhaps no better or more comprehensive protrayal of his sanitary

statesmanship, his remarkable understanding of health problems and his

ability to constructively define them, can be given than a mere recital

of the titles of a considerable number of the laws that he wrote and

secured the passage. The incomplete list includes original laws and

amendments of existing laws. It is as follows:

"The Fundamental Health Law of the state as an amendment to

the Health Law of 1891; Health Law of 1891; Vital Statistics Law;
Quarantine Law; Sanitary School House Law; Medical School Inspec-

tion Law; Prevention of Infant Blindness Law; Hydrophobia Law; Free

Antitoxin Law; Public Water Supply Law; Pure Food and Drug Law;

Law for the Prevention and Control of Tuberculosis; Sanitary Food

Law; Clean Milk Can Law; Renovated Butter Law; Sanitation of Bakeries

Law; Water Analysis Law; Weights and Measures Law; General Hous-

ing Law; Anti-Rat Law; Eugenics Law; Law providing for the publica-

tion and distribution of the Indiana Mothers' Baby Book.

"In addition to the above, the laws creating the Food and Drug

Laboratory, Water and Sewage Laboratory, and the Laboratory of Bac-

teriology and Pathology of the State Board of Health were enacted under

Doctor Hurty's administration.

"Doctor Hurty always considered the publication and distribution

of the Indiana Mothers' Baby Book and the establishment of the State

Board laboratories the most important achievements of his administra-

tion, for the reason that the Mothers' Baby Book, going as it did to

every first mother in the state with its message as to the proper care

and protection of the baby, was instrumental in saving life at its source

;

while the laboratories of the State Board of Health provided valuable

service to all the people of the state.

"He had, while yet among us, a visible monument in every county

and practically every township of Indiana in the form of a modern

and sanitary school house, the result of the law he secured giving the

State Board of Health power to condemn unsanitary school buildings.

"The Vital Statistics Law which he wrote and secured the enact-

ment of was so highly esteemed that for some years after its enactment

the United States Public Health Department sent government repre-
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sentatives annually to Indiana to study and observe the operation of

what the government regarded as a model law."

The distinguished services of John Newell Hurty are remembered
with pride and gratitude and in his death we mourn the loss of a

friend of singularly sweet and lovable nature.

John S. Wright.
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EDWIN SHELDON JOHONNOTT.

Solon Mills, Illinois.

November 9, 1868.

Terre Haute, Indiana.

January 2, 1925.

Edwin Sheldon Johonnott, for many years an active member of this

Academy and Professor of Physics in Rose Polytechnic Institute, died
January 2, 1925, as the result of injury in a collision between his auto-
mobile and an interurban railway car, as he was driving into the campus
of Rose Polytechnic Institute.

Edwin Sheldon Johonnott.

Doctor Johonnott was born in Solon Mills, Illinois, November 9,

1868. His father was a farmer so that he received his early education

in district schools in Richmond, Illinois, and in Woodstock Academy.
After his graduation he taught in the district schools of Solon Mills

for two years. On the farm he showed mechanical ability, developed

habits of close observation in nature and as teacher acquired habits of

study. He there felt the urge for higher education in natural science

and mechanical studies and in 1889 entered Rose Polytechnic Institute.

In Rose Polytechnic he at once showed that earnestness of purpose,

capacity for hard work, and exceptional ability which characterized his

entire career. At the close of the Sophomore year, though of most

sturdy physique, there developed an affection of sight as a result of too

close application and confinement, which necessitated his withdrawal
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from college in 1891. He re-entered in 1892 with Junior standing, earn-

ing honorable mention in his class.

He graduated in 1893, with the degree of B. S. in Electrical Engi-

neering. At commencement he was awarded the Heminway Gold Medal
for highest scholastic standing and most commendable studentship for

the entire four-year course.

After graduation he accepted a position as assistant patent examiner
in the Patent Office at Washington. He was, however, soon convinced

that this field offered no real opportunity for scientific study and de-

velopment and in 1894 accepted the professorship of Mathematics and
Physics in Drury College, Springfield, Mo. During his service there he

became more and more imbued with the spirit of research, for which
in that position there seemed but little scope, so in 1895 he resigned

and entered Johns Hopkins University, as graduate student, to specialize

in physics and mathematics. Under the inspiring influence of Henry
Rowland and Joseph Ames, he rapidly advanced and developed and
determined to make the study of physics his life work.

Impressed by the achievements of A. A. Michelson, especially in

the field of interferometer methods in measurement, he transferred to

Chicago University in 1897. He attracted the attention of Doctor

Michelson very soon and at his suggestion began the study of thin

liquid films, especially the measurement of the thickness of the black

spot appearing just before rupture, by interferometer methods. In this

investigation he showed wonderful patience, versatility and experimental

skill. This work gave him a recognized standing as experimental physi-

cist, constituted a real contribution to scientific data and the results

are accepted as classic, quoted in most works on molecular physics.

He carried on other studies in molecular physics during this period

and presented a thesis on the "Viscosity of Water" for his M. S. degree,

which was conferred by Rose Polytechnic in 1897. In 1898 the degree

of Ph. D. was granted him by Chicago University and he was made
assistant in Physics to Doctor Michelson. In 1899 he was brought to

Rose Polytechnic Institute where he served with greatest faithfulness

and distinction as Assistant Professor, Associate Professor and Professor

of Physics to the date of his untimely death.

Doctor Johonnott was always a progressive student, carrying on

original work in experimental and theoretical physics. He was an

erudite mathematician, fertile in expedients. He made exhaustive studies

of the theory and use of the Rayleigh's phase meter and its application

in the measurement of hysteresis losses in transformers, of arc and

spark phenomena in transformer; in alternating circuit current calcula-

tions; in the rate of cooling metal spheres and in the determination of

moisture in cereal food products, by electric means. He became deeply

interested in radio transmission, and, in conjunction with Mr. Stone,

studied methods of the transmission of sound signals through pipes. He
did considerable work as consultant in physical problems arising in

engineering practice. Much of his work was published in physics and

engineering magazines.

As teacher he was earnest and conscientious, his enthusiasm was
infectious. He held the highest ideals, he loved his work because of
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the addition to the sum total of human knowledge that might come from
it rather than because of material gain or the thought that immediate
practical application might follow. This thought of the pursuit of

knowledge for its own sake, he kept before the minds of his pupils con-

stantly, whose affection and respect he invariably won.

He would find the keenest pleasure in devising and constructing some
piece of apparatus that might be useful in investigation and his delight

when successful was almost childlike. He was generous and unselfish

in giving assistance where it was within his power and sharing the

knowledge and experience that may have been his, without a thought of

being given credit for its inception.

Though essentially a student he was neither narrow nor pedantic.

He was fond of nature, an outdoor man, an enthusiastic sportsman with

deep interest in athletics, a genial companion and lovable character.

He was a man of firm convictions but not aggressive, rather re-

tiring and backward in the expression of opinion, though when led to

do so, expressed his thoughts in a clear, emphatic, not to be misunder-

stood manner.

He was ever ready to give his best to any cause he undertook to

serve, with cheerful spirit he labored and shirked no task.

He became a member of the American Association for the Advance-

ment of Science in 1901, advancing to fellowship in 1904, and of the

American Physical Society, 1903. He also was a member of

the American Association of University Professors; the Indiana Physics

Teachers Club and for many years a faithful member of the Indiana

Academy of Science. He was one of the several affiliated Research

Professors of the Luther Dana Waterman Institute for Research.

In all of these activities and associations his genial presence and

loyal service will long be remembered and missed.

C. L. Mees.
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THOMAS CARWIN MENDENHALL.

Hanoverton, Ohio. Ravenna, Ohio.

October 4, 1841. March 22, 1924.

Thomas Carwin Mendenhall, who died at Ravenna, Ohio, March 22,

1924, was an active and valued member of the Indiana Academy of

Science during- the period of his residence in Indiana from 1886 to 1889,

while President of Rose Polytechnic Institute. He served as President

of the Indiana Academy of Science in 1890. Though his period of active

residence in our midst was brief his influence upon scientific pursuit and
educational development was so profound and quickening that it is

still strong today. Wherever there was even the slightest interest in

scientific thought and study he was active in fostering it and gave

freely of his time and energy to advance it. His broad and deep scien-

tific knowledge, his enthusiasm, power as teacher and lecturer, and de-

lightful personality made his work effective to a degree rarely attained.

He combined to an unusual extent genius in scientific research and

executive ability, manifest in all the various positions he so successfully

filled.

During his residence in Indiana, aside from his educational activi-

ties, he carried on investigational work in atmospheric electricity and
seismology, much of which has been published in scientific journals. He
was fertile in devising apparatus and appliances and was a finished

experimentalist.

Doctor Mendenhall was born in Hanoverton, Ohio, October 4, 1841.

He received his early education in the public schools of Stark County,

Ohio; the Normal School of Lebanon, Ohio, and as a special student in

Western Reserve University. From 1862 to 1866 he was instructor in

Physics and Mathematics in the High School, Salem, Ohio; Superin-

tendent of Schools, Middletown, Ohio, 1866 to 1868; Instructor in Physi-

cal Science, High School, Columbus, Ohio, 1868 to 1873; the first pro-

fessor of Physics in Ohio State University, 1873 to 1878; Professor of

Physics, Imperial University of Japan, at Tokio, 1878 to 1881. Returned

to the Ohio State University as Professor of Physics, 1881, remaining

until 1884; Professor of Electricity, U. S. Signal Corps, 1884 to 1886;

President and Professor of Physics, Rose Polytechnic Institute, 1886 to

1889; Chief, U. S. Coast and Geodetic Survey, 1889 to 1894; President,

Worcester Polytechnic Institute, 1894 to 1901 ; retiring from active work
because of failure in health in 1901, he spent the next 11 years in

Europe regaining his strength.

He served on the Bering Sea and Alaska Boundary Commission with

distinguished ability in 1891 and 1892. He was elected a member of

the National Academy of Science in 1887; President of the American

Association for the Advancement of Science, 1889; Executive Committee

of the International Electrical Congress, Chicago, in 1898, where he

formulated the resolution establishing the Electrical Units of Measure.

He was awarded a gold medal by the American Geographical Society

for his work in Cartography and Gravity determination in 1901; a
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gold medal by the National Education Society of Japan in 1911, and had
conferred upon him by the Emperor of Japan the Order of the Sacred
Treasurer. He was awarded a gold medal as Honorary Member of the

Franklin Institute for his scientific work in 1918. He wrote a small

volume entitled a "Century in Electricity," which appeared in 1887

and in its charm of style, historical accuracy and thoroughness, may
serve as a model for popular science writers. Doctor Mendenhall's re-

search work is published mainly in government reports and scientific

journals. The half seconds pendulum designed by him for gravity deter-

mination is still the accepted instrument in geodetic survey work. Al-

though Doctor Mendenhall did not take a university or scholastic degree

in course, he was the recipient of several honorary degrees; Ph. D.

from Ohio State University; Sc. D., Rose Polytechnic; LL. D., Michigan

University and Western Reserve University.

To recount all of his activities during his long and busy life would

exceed reasonable limits of this brief sketch. Until his last days he was
active in educational works as member of Board of Trustees of the Ohio

State University. Ever abreast with scientific and educational progress

he remained youthful and useful to the end. It is given to but few men
to count so many friends—student admirers and appreciative scientists

as was the privilege of Doctor Mendenhall, and here in Indiana all who
came in contact with him hold his memory in affectionate and highest

esteem—grateful, that even for a few years he dwelled in our midst

as an active worker in the field of science and education. Bronze tablets

have been erected to his memory and recognition of service in Rose

Polytechnic Institute, Ohio State University, High School of Salem, Ohio,

and Worcester Polytechnic Institute.

C. L. Mees.
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EDWARD GEORGE PROULX.

Hatfield, Massachusetts.

December 8, 1880.

Lafayette, Indiana.

March 31, 1925.

Purdue University and the State of Indiana sustained a great loss

in the deaths of two of their active workers, Edward George Proulx,

State Chemist, and Percy Norton Evans, Head of the Chemistry Depart-

ment. Both were influential members of the Indiana Academy of Science.
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Edward George Proulx.

Edward George Proulx was born at Hatfield, Massachusetts, Decem-
ber 8, 1880, and died at Lafayette, Indiana, March 31, 1925. Mr. Proulx
did collegiate work at the Massachusetts Agricultural College and re-

ceived the Bachelor of Science degree from that institution in 1903. After
graduation he was connected with the Fertilizer Control Department of

the Massachusetts Agricultural Experiment Station until 1907 at which
time he accepted a similar work at the Purdue Agricultural Experiment
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Station. He received the Master's degree from Purdue in 1909. His

many years of faithful work in this department won him in 1918 the

position of State Chemist, made vacant by the death of W. J. Jones, Jr.

Later when the State Seed Law was passed he was given the responsi-

bility of administering it under the title of Seed Commissioner. Mr.
Proulx took an active part in the meeting of the Association of Official

Agricultural Chemists, frequently serving as a collaborator and was
appointed on important committees such as that pertaining to sampling

of fertilizers and on definitions of terms and interpretation of results. In

1924 he was elected president of the Association of United States Feed

Control Officials. In his civil life he was active in all that was for the

community welfare. He was a member of the Masonic Lodge, Rotary

Club and Lafayette Country Club.

It is a hard matter to evaluate properly the life of an associate and

to put in words the dominant characteristics of his life, but if there was
one quality more outstanding than others in Mr. Proulx it was his un-

ostentatious bearing which won him the loyalty and support of many
friends who called him "Eddie." It has been said that for each of us

there is some one who has been an inspiration and some one whose

example has been a source of courage. Such a one for many of his

associates was Mr. Proulx as he performed his difficult tasks well, even

though racked by ill health during the last two years of his life.

Mr. Proulx was the author of a number of official feed and seed

control reports but did not himself publish any research papers.

The Academy of Science has lost a loyal member and we desire

to record our high regard of his life that his family and friends may
know of our appreciation.

R. H. Carr.
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PHILIP SPONG.

Indianapolis, Indiana.

February 28, 1898.

Indianapolis, Indiana.

May 21, 1925.

With the passing- of Philip Spong the Indiana Academy of Science

has lost a member who was young in years but who had given promise

of unusual achievements.

Mr. Spong showed a love for nature study while a pupil in the grade

schools of Indianapolis. At Shortridge High School he became interested

in zoology and was chosen assistant in the Zoological Department. He
was one of those unusual individuals who is always willing to do the
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Philip Spong.

unusual thing. Many nights he spent "sugaring" for moths, and thereby

not only gathered a large amount of information in regard to moths,

their friends and enemies, but was able to collect specimens which few

persons obtain. The struggle for existence among nocturnal forms of

life was impressed on him, especially when the object of his watchful

waiting was snatched almost out of his hands by some equally patient

but more expert bat.

At Shortridge, Mr. Spong began to show a talent for classifying

and mounting insects which was unusual in one of his age. A large

collection of South American insects was relaxed and mounted during his

high school period.
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From Shortridge, he came to Butler College where he maintained a

high grade of work in all scientific departments. His mind was alert

and active; he not only mastered the material given to him by his in-

structors—he was continually exploring on his own account. In 1917

he was awarded the Woods Hole Scholarship in Zoology and became
laboratory assistant in the department. During this period he was em-
ployed occasionally at the office of the Indiana State Entomologist,

where he served as regular assistant from June, 1917, to September,

1918. Here he did a large amount of highly valuable work in bringing

the office collections into permanent and usable shape.

Following his graduation at Butler, Mr. Spong was awarded a

graduate assistantship at Iowa State College, Ames, Iowa. Here he

was elected to membership in the honorary society Phi Kappa Phi, and

at the end of the summer of 1923 he had completed the requirements for

the Master's degree. Immediately afterwards, he was elected head of the

Department of Biology at the State Normal School, Wayne, Nebraska,

where he continued to serve until the beginning of his last illness.

During his service of less than two years at Wayne, Mr. Spong's

ability was revealed clearly by his success in the organization and up-

building of his department. He also began the preparation of an insect

collection which was mounted with a skill rarely equalled outside of the

largest museums. Models, drawings and other preparations for his school

work showed the same precision and excellence in their execution. Two
unfinished manuscripts furnish evidence that his productive talents also

were beginning to bear fruit.

The value of a young man's life must be measured chiefly by the

promise of future achievement. Measured in this way, the world of

science has lost a valuable man in the passing of Philip Spong.

In December, 1923, he married Miss Rosalie Baker of Indianapolis,

a member of the senior class of Butler College. His wife and an infant

daughter survive him.

H. L. Bruner.
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PRESIDENT'S ADDRESS.

THE EARTH'S FRAMEWORK.

E. R. Cumings, Indiana University.

The Nestor of American Geologists once replied to a criticism of a

minor detail of his profound theories of diastrophism, that if he desired

to understand the architecture of a great cathedral, he would not begin

by examining the key-hole. One should begin such an investigation by
standing back where a view of the grand ensemble may be obtained.

Such a view will almost certainly suggest the proper line of procedure

in the gradually narrowing scrutiny of the details; and should inhibit

at the outset the tendency to frame hypotheses too cramped to accom-

modate the larger relationships of the structure.

The Earth is so vast a body that a distant and detached vantage-

point is difficult of attainment, and is, of course, in the literal sense

impossible. It is not impossible, however, for the scientific imagination

to carry us out to any point in space that may seem to us convenient for

our purposes, or to translate us backward or forward in time to any
instant that may best serve our interest. It is necessary to adopt this

method for the reason that every attempt to proceed from the particular

to the general in the study of the Earth, without first comprising it in

some comprehensive view, has resulted in failure.

The External Form.

It is a fact appreciated by even the least informed that the Earth
is a nearly spherical body. It is, to be more precise, an ellipsoid of

revolution having an axial diameter very slightly less than the equatorial

diameters. How the gross form of the Earth has been ascertained is in

itself a fascinating story; but it cannot be told here. It will be far

more interesting to tell how and why the Earth differs in detail from
any exact mathematical figure.

The departures of the Earth from any exact figure of revolution,

about which I now propose to speak, are excessively minute fractions of

Earth radii. It is impossible to represent them in true scale on any
globe of manageable size. Even the polar flattening, amounting to

1/297 of the radius, would not be noticed by you if represented on the

largest globe that could be placed in this room. The maximum relief

difference of 12 miles, between the top of the highest mountain and the

bottom of the deepest abyss of the oceans, if represented on the common
18-inch globe of the school room, would amount to 1/40 inch, or the

thickness of a good coat of paint. Small as are these departures from
perfect regularity of form, they are nevertheless of vast importance to

an understanding of the history and architecture of the Earth; and
they have stimulated the curiosity, and exercised the highest abilities
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of many of the greatest geologists, geodecists and physicists of the world.

The most noteworthy surface features of the Earth are the conti-

nents and ocean basins. An observer stationed on the Moon would see

upon the silvery disc of the Earth, at full, the outlines of these grander
features, as we see the "face in the Moon", and if he were to watch
patiently from hour to hour, as the Earth turned on its axis, he would
gradually become aware of certain curiously repeated forms. One of

the most striking, as Suess long ago pointed out, is the southward
tapering of the continents and great peninsulas—North and South
America, Africa, Greenland, the peninsulas of India and Farther India.

Another is the roughly triangular shape of the land masses, and the

approximately circular or polygonal form of the oceans. Again he

would note certain contrasts. If he were a careful observer he would see

that the oceans are set opposite the continents. Toward the south pole

he would note a concentration of the waters of the Earth, and toward the

north pole, of the lands.

If now we can imagine that our observer's vision penetrates the

watery envelope of the Earth, as though it were perfectly transparent,

and that he turns upon it a telescope of moderate power, he would note

at once that the continents are margined by belts of land, the continental

shelves, only slightly veiled by shallow seas. At places, as along the

northern and eastern shores of North America, the northwestern coasts

of Europe, the eastern front of Asia and the southern end of South

America, he would see a marked widening of these shallows, sometimes

with crescentic fringes of islands along their outer margins. They would
appear in some cases to almost or quite connect the continents—northern

North America to Asia on the west and Europe on the east; South

America with Antarctica; southeastern Asia with Australia; Australia

with Antarctica.

As the Earth passed through its phases, illumined by the slant-

ing rays of the Sun, there would come into view upon its continents a

marvelous wealth of details: great narrow ridges, winding in sweeping

curves along the western edges of the two Americas; beautiful crescents

festooned one outside the other from central Eurasia to the island-

dotted margins; long low parallel ridges, in graceful curves near the

eastern coast of North America; vast level stretches in the interior

marked here and there with subdued elevations. These are the great

mountains and lowlands of the Earth. Upon these in turn our observer,

with a powerful telescope, might make out a bewildering complex of

details etched out by some mysterious agencies that he would scarcely

understand, for these are the work of air and water, which the Moon
lacks.

We have outlined the Earth's grander surface features. The ruddy
lands with their margining shoals and sinuous mountain ridges are the

continental platforms. The silvery seas between are the ocean deeps;

the great basin-shaped depressions of the lithosphere. The rest are the

mountains, the islands, the plateaus and plains, the valleys and divides,

hill and dale, upland and lowland, the finer filigree of the Earth's vast

tracery.
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The strand-line, where sea and land meet, is not the true edge
of the continents. In some cases, as off the western coast of Africa,

North and South America, the strand and the continental edge are not
far apart, and sometimes they nearly coincide. Along the eastern and
northern coasts they are often separated by wide stretches of shallow
water, seldom over a hundred fathoms deep. These areas are the

epicontinental seas. Sometimes these latter send long embayments in

upon the continents. Such are Hudson Bay, the North Sea and the

Baltic. These are the epeiric seas. The strand is determined by the

degree to which the oceans at any particular time overflow the conti-

nents, or are drawn down upon the continental slopes. A lowering of

sea-level by 600 feet, one thirty-five thousandth of the Earth radius,

would lay bare in most parts of the world, the true margin of the

continents. This same reduction of sea-level would attach most of

the marginal or continental islands to the mainlands. The Artie islands,

the British islands, Newfoundland, East Indies, Japan, Cuba, Sicily, and
many others, belong with the continents. Oscillations of the strand

much greater than this have often occurred during the Earth's past.

The continents are elevated platforms, standing on the average
in mean altitude about three miles above the smoothed floor of the ocean

basins, and separated from them by somewhat abrupt slopes. Except
for the polar flattening and equatorial bulge, these are the greatest

departures of the Earth from perfect sphericity.

Within the area of the ocean basins there is in general a topographic

monotony far exceeding anything on the lands. The sea-floor is com-
monly spoken of as though it were approximately level. There are,

however, many significant departures from levelness. The most strik-

ing are the so-called deeps. Of these there are two sorts, the troughs or

fore-deeps and the broad or central deeps. The fore-deeps of Suess are

all located along the margins of the ocean basins, in front of folded

mountain arcs, and are practically confined to the Pacific and Indian

oceans, although sediment-filled fore-deeps may be present in the At-

lantics also.

The average depth of the Pacific is about 2,400 fathoms (2.7 miles).

The Aleutian deep, in front of the Aleutian islands, sinks to a depth

of 3,000 to 4,000 fathoms. The great Tuscarora deep, in front of

Japan, descends to 4,600 fathoms. The Philippine trough, extending in

front of the Philippine islands from Riu Kiu islands to Tulur, reaches a

depth of 4,700 fathoms; while the Aldrich deep between the Samoa
islands and New Zealand, ranges from 4,000 to 5,160 fathoms, nearly

six miles, and is one of the deepest abysses of the oceans. Off the coast

of Northern Chile depths as great as 4,100 fathoms are found com-

paratively near shore in a series of deep pits constituting a somewhat
interrupted trough. In the central deeps, which in contrast to the fore-

deeps are broad, basin-like depressions far from land, depths of over

3,000 fathoms are common. The most noteworthy of these are in the

areas to the north and south of the Sandwich islands, and between the

Gilbert islands and the Christmas island group.

The Atlantic basins—North and South—differ from the Pacific

basin in a number of significant respects. In the first place, with the
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exception of the San Juan trough north of Porto Rico, there are no

fore-deeps. Central deeps, both in the North Atlantic and South
Atlantic go down to depths greater than 3,000 fathoms. Another strik-

ing and unique feature of the Atlantics is the mid-Atlantic, or Dolphin,

ridge, which runs through the middle of these oceans from Greenland
southward to the south polar sea. Bending strongly to the east between

Africa and South America, it maintains a general parallelism with the

margins of the two Atlantic basins. Near its southern end it sends off

branches towards both Africa and South America. The South Atlantic

basin is separated from the North Atlantic by the constriction be-

tween Africa and Brazil, with depths of about 2,000 fathoms, and from
the Pacific by a submerged ridge of moderate depth, which joins the

South American platform with Antarctica. It should be remarked here

that a similar shoal joins Australia with Antarctica.

The Indian Ocean, of roughly circular form, contains fore-deeps

on its eastern margin athwart Australia and the East Indies, and an

island-dotted ridge of significant character between the southern point

of India and Madagascar.

The continental platforms have a very special character. Their

average height above sea level is only about one-fifth the average depth

of the ocean basins. Five-sixths of the total smoothed relief of these

platforms is, therefore, hidden beneath the waters of the seas. If the

continents and the ocean basins were smoothed out to an average level

surface, this surface would lie about 9,000 feet, or one and five-ninths

miles, below sea-level. That is, there is enough water to produce, under

appropriate conditions, a universal ocean more than a mile and a half

deep. In area the continental platforms cover about one-third of the

Earth's surface, and the ocean basins the other two-thirds.

Dana's generalization that a continent consists typically of a basin

or lowland bordered by mountains, is approximately true of all, al-

though Africa is, with the exception of portions of the northern Saharan

region, more like a great plateau of comparatively recent elevation.

North America best illustrates this conception of a continent, and

evidently suggested the idea to Dana. The Appalachian ranges on the

east and the great bordering cordillera on the west are separated by

the extensive interior lowlands of the Mississippi Valley, Great Lakes,

Hudson Bay and the Great Plains. In South America the Andean

system narrowly borders the Pacific edge, and the highlands—ancient

worn-down mountains—of Brazil and Guiana, the east. Between are

the interminable lowlands of Argentina, Paraguay and the Amazon. If

we eliminate from Eurasia the two spurious elements, Arabia, which

belongs geologically with Africa, and India, a fragment of an ancient

dismembered continent, the rule holds. In the east and southeast

mountain crescents extend in concentric loops from the island chains of

the Kurile, Japan, Riu Kiu, Phillipines and the East Indies, back into

the heart of Mongolia. On the west the ancient Caledonides form the

border from Spitzbergen to Ireland. Along the Mediterranean the com-

plicated folds of the Alps, Carpathians and Balkans are joined on the

east by the Taurides and highlands of Anatolia, Armenia, Iran and

Afghanistan, uniting finally with the huge bulk of the Himalayas. Be-
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tween stretch the vast plains and steppes of Siberia, Turkestan and
Russia, broken only by the singular ridge of the Urals. In Australia

the Great Dividing Range outlines the east coast, and a subdued ridge,

culminating in Mt. Bruce, 4,000 feet high, lies not far back of the

west coast. Between are lowlands on the east, merging into plateau

heights in the Great Sandy desert region of central and western

Australia. Thus, mountains and highlands characterize the continental

margins, as deeps do the borders of the Pacific. They seem often to be

the reciprocals of each other. Around the Pacific the mountains fringe

the coast and determine its trend; but along the Atlantic they descend

into the sea and seem to be abruptly cut off at the strand. So the

Caledonides enter the sea in Scandinavia and Ireland, and the Ap-
palachians in Gaspe and Newfoundland.

Hidden, as it were, within the depths of the continents, unnoticed

by the layman, but of supreme interest to the geologist, are the shields—
areas, usually of subdued topography, occupied by ancient rocks and the

roots of by-gone mountains. These are the nuclei of the continents.

The region surrounding Hudson Bay, and including Labrador and Green-

land, suggested the name to Suess, and is the prototype of all the

shields. Among its gnarled rocks of gneiss and greenstone are some
of the most ancient of the world. The Greater Antilles and Mexico,

wreckage of an ancient continent; Brazil and Guiana; Africa, south of

the Sahara; Finland and eastern Scandinavia; Angara in eastern

Siberia ; Australia west of the eastern lowlands ; India south of the Indo-

Gangetic valley; and Madagascar, are others. About them the conti-

nents have been built, and against them the waves of encroaching seas

have beaten and the mountain crescents of later times have been thrust.

They have borne the brunt of the Earth's uneasy struggles; and
strengthening their sinews with the age-long strife, have become the

strong defenders of the lands against the invading seas. Though it has

been, on the whole, a losing fight, these hardened veterans still bear

witness to the grand extent of their old domain. On the Pacific front

they still press on to victory. In the Atlantic and Indian areas their

scattered cohorts straggle in defeat.

One further element of the Earth's external form, though ap-

parently dominated by the lands, belongs with the oceans. It is the

mediterraneans. The Roman Mediterranean, between Europe and Africa,

not only bestows its name upon seas of this type, but is by far the best

example. Though almost completely land-locked, it descends to oceanic

depths of over two thousand fathoms. It is divided by the toe of Italy,

Sicily, and Cape Bon in Tunis, into an eastern and a western basin. The
Roman Mediterranean, and the Black and Caspian seas, are remnants
of a grander mediterranean, Tethys of the geologists, that once extended

far to the east over the area now occupied by the plateau of Iran and
the Himalaya mountains. It is a mountain-bordered region of great

geologic changes.

The Caribbean and Gulf of Mexico, lying between North and South

America, constitute another mediterranean. This sea also lies in a

region of great geologic uneasiness. Its eastern, central and western

4—35508
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deeps descend to over 2,000 fathoms, and are separated from each other

by shallower ridges.

I regard the series of deeps between Borneo and New Guinea, in

the East Indies, as another mediterranean. Here again there are three

deeps, the Sum, the Celebes, and Banda-Molucca seas, separated by-

shallow ridges. Once more this is a region of geologic unrest, char-

acterized by volcanoes, earthquakes, and tiltings of the Earth's crust.

The Interior.

The interior of the Earth is not open to direct observation, and in

consequence, has been for centuries the fertile mother of myths and
eerie speculations. Even among competent physicists, geologists and
astronomers, unproved and unprovable hypotheses have too often covered

up the lack of knowledge. Fortunately this altogether sterile and un-

satisfactory period of Earth science is rapidly drawing to a close. We
have today methods of investigating the Earth's interior which give us

precise information on some important points; and we are nearing the

time when many of the mysteries will be solved. I shall discuss the

data in regard to the Earth's interior without reference to any particular

theory of its origin.

The view was almost universally held by geologists and physicists

a few decades ago that the Earth's interior is a molten mass upon which

the comparatively thin crust floats. When we examine carefully the

grounds for this conclusion, we are somewhat surprised to find that it

rests upon temperature observations extending through a few hundred,

or at the most a few thousand feet of the Earth's surface materials, and
upon the La Placian hypothesis of the Earth's origin. Added to this

is the tacit assumption that volcanoes must be in communication with

a fluid interior.

The La Placian hypothesis is now pretty generally discredited, while

the explanation of volcanic lava effusions requires no such mechanism as

a fluid Earth. In fact such an explanation creates more problems for

the vulcanologist than it solves. We may, therefore, reject all other

suppositions and examine very briefly the validity of the projected

temperature gradients, which have been asked to prove so much.

From a multitude of temperature observations in deep wells and

mines it has been determined that to the depth of observation, some

7,500 feet, the temperature increases on the average at the rate of about

1 degree F. for every 60 or 70 feet of descent. By a rectilinear ex-

trapolation of this observed gradient, it can easily be shown that at a

comparatively slight depth, say 20 to 30 miles, the temperature is high

enough to melt any known substance, and at less than 200 miles it is

beyond the critical temperature of all substances. But what are the

grounds for the assumption that the temperature continues to increase

at the same rate to indefinite depths? Chamberlin, Barrell and others

have pointed out the fact that this again rests either on preconceived

notions of the Earth's origin and history, or on the assumption that the

small-scale conditions of the laboratory must necessarily hold within the

unknown depths of the Earth. As Barrell says, speaking of the con-
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elusions of Arrhenius: "There is no demonstration as to why this

rectilinear extension is assumed, whether it is to be regarded as an

adiabatic temperature curve produced by condensation under pressure, or

produced in some other way. The influence of cooling- throughout geologic

time in changing the outer gradient is not considered; nor the influence

of rising magma." The effect of radioactivity alone is sufficient to cause

a revision of all the older opinions of the Earth's temperature gradient.

Even if a fairly high temperature gradient be granted, there is no

guarantee that material would be fused, except locally, because of the

great elevation of fusing points by the pressure.

The evidence that the interior of the Earth is not fluid, but ex-

tremely solid and rigid, is, however, of an entirely positive sort. It rests

upon three principal lines of investigation: the reaction of the Earth

to forces and stresses of extraterrestrial origin, such as tides and

precession; the way in which the body of the Earth transmits elastic

waves; and direct experimentation upon rock materials under high

temperatures and pressures.

The fact that the Earth continues to rotate at all is evidence of

rigidity. Kelvin illustrated this by attempting to spin raw eggs about

their longer axis. The failure to spin is due to the internal friction

of the liquid material. The hard-boiled egg will spin easily. But the

axis of form and the axis of rotation of the Earth do not exactly

coincide; and consequently the Earth spins with a quick weaving or

top-like vibration because the axis of figure continually revolves about

the axis of rotation, the two coinciding only near the center of the Earth.

This is known as the Eulerian motion. According to Euler's computa-

tions, based upon the assumption of perfect rigidity, the Eulerian motion

should have a period of 306 days, or about ten months. Astronomers
were unable to discover such a period in the changes of latitude involved

;

but in 1890 Chandler, by a careful study of all the recorded changes

of latitude, discovered a period of 427 days (14 months) ; and Newcomb
and Hough proved that if the Earth be assumed to have a rigidity

somewhat greater than steel, the discrepancy is accounted for. The
precessional movement of the Earth's axis, a slow weaving movement
having a period of 25,800 years, and caused by the action of extra-

terrestrial forces upon the equatorial bulge, is also a measure of rigidity,

and its evidence is accordant with that just discussed. Newton, Kelvin,

Hough and Love have investigated the ellipticity of the Earth, due to

rotation, and have shown that on the assumption of perfect fluidity a

figure of about 1/230 is derived, whereas the actual ellipticity as deter-

mined from various sources is nearly 1/297, and indicates a high degree

of rigidity.

The most exact study of the reaction of the Earth to stresses of

outside origin, is Michelson and Gale's elegant investigation of the

Earth's body tide. Unless it is perfectly rigid the solid Earth must
respond to the attraction of the Moon and Sun somewhat as the watery
envelope does, but to an infinitesimally smaller degree. Many attempts

have been made to measure this body tide, but with only partial success.

The problem was finally solved by Michelson and Gale by an ingenious

application of the interferometer to the measurement of water tides in
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pipes buried in the ground and half filled with water. The difference be-

tween the observed and computed tides in the water of these pipes is a

measure of the body tide of the Earth. It indicates that the Earth is

slightly more rigid than solid steel.

Further evidence of the rigidity of the Earth is derived from earth-

quakes. An earthquake is a complicated network of elastic waves
originating at a locus of sudden disturbance upon or within the Earth,

and propagated through the materials of the Earth in directions and
with velocities determined by the nature of the waves and the density-

elasticity modulus and structure of the media in which they travel.

When a record of an earthquake is received on the recording drum of

a distant seismograph, it will be found to be divided into three easily

recognizable parts : the preliminary tremors, the principal tremors, and

the end tremors. With the last we have no particular concern. The
preliminary tremors consist of two phases, known as first and second

preliminary tremors. The principal tremors are due to waves of rather

large amplitude that appear to have traveled within the Earth's crust,

not far below the surface, and have consequently pursued a circum-

ferential path. The preliminary tremors, on the other hand, have

traveled along chords, or more likely along somewhat curved paths within

the Earth, and so may have penetrated the Earth to any depth. There

is considerable evidence that the first preliminary tremor is due to waves

of compression and the second to waves of distortion or transverse waves.

Now the rate of transmission of these waves is a direct measure

of the density-elasticity modulus of the Earth; and the fact that waves

of distortion are transmitted at all is an indication of solidity. They

indicate, again, a rigidity greater than steel. Earthquake waves have

the added advantage that they enable us to explore the interior of the

Earh to varying depths. As Klotz has phrased it "Seismograms are

the Roentgen rays of the interior of the Earth". We shall see later what

information they convey.

All of these lines of evidence agree in indicating that the Earth

has an average rigidity greater than that of solid steel. Since the

materials of the outer shell or lithosphere have a rigidity considerable

less than that of steel, it follows that the deep interior must have a

rigidity considerably greater than steel.

Finally the careful experiments of Adams, King and Bridgman

on the behavior of rocks under very high pressures and temperatures,

indicate that the strength of rocks is enormously increased by high con-

fining pressures, and that the fusing points are enormously elevated.

Adams demonstrated that granite under a confining pressure of 26,000

pounds to the square inch is four times as strong as when subjected

to atmospheric pressure alone. That is, if the granite be confined in

a close fitting steel jacket, pressures that would completely crush it in air

are not able to close small cavities in the rock. The increased closeness

of fit of the crystals and the increased internal friction have greatly

increased the strength. Bridgman has subjected rocks to pressures as

high as 30,000 atmospheres.

It is perhaps well at this point, by way of caution, to call atten-

tion to the distinctions that should be kept in mind between strength

and rigidity, and also between viscosity and plasticity.
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Rigidity is resistance to change of form, or the resistance to dis-

tortion from a unit shearing stress. Strength is measured by the

elastic limit. Rubber may be very strong; but it has very low rigidity.

To say, therefore, that the Earth is as rigid as steel does not mean that

it is as strong as steel. There may be within it zones of little strength,

or zones of weakness as they are commonly called by geologists. Viscosity

is strictly a property of fluids, and is an internal friction or resistance

of the molecules to motion over each other. It may be small or great,

as in syrup or asphalt. Plasticity is a property of solids, and is related

to elasticity of form. Under sufficient stress solids may flow, either

by distortion of the component crystals, or by progressive recrystalliza-

tion. This is plasticity. Barrell has called attention to these distinctions

in his conclusion that the Earth may possess a zone of weakness beneath

a zone of strength. To this zone of weakness he has given the name
of Asthenosphere (astheneo, to be weak). But before discussing this

characteristic of the Earth, let us review the data as to the probable

composition of the interior.

It was pointed out a moment ago that seismograms—the records of

earthquake waves—enable us to explore the interior of the Earth.

Great earthquakes shake the entire Earth. Such an earthquake as that

of San Francisco in 1906, or the terrific Japanese earthquake of 1923

writes its autograph on all the seismographs of the world. If the pre-

liminary tremors travel approximately on chords, they traverse the

Earth to all depths. For example, if the receiving instrument is at

120 °of arc from the focus of the shock, the deepest part of the chord

will lie at 2,000 miles below the surface, or one-half the Earth's radius.

At 60° the chord will reach something over 500 miles below the surface.

Although the changing density with depth causes these wave-paths to

curve slightly, it is possible by the study of a large enough number
of records to determine approximately what these paths are. Having
determined this point and knowing the velocity of the waves from ob-

servation of the time of the shock and the time of arrival of the dis-

turbance at the receiving instrument, the density arid elasticity of the

Earth become known at all depths.

The bearing of these investigations on the nature of the Earth's

interior has been discussed by Oldham, Wiechert, Gutenberg, Knott,

Davisson and others. Knott's latest conclusion is, as summarized by

Davisson, that:

(1) The outer heterogeneous crust is clearly thin compared with the

radius of the Earth, about one two-hundredth part of the radius, or

20 miles.

(2) Beneath this outer crust lies a thick and practically homo-
geneous layer, in which the primary and secondary waves become

separated, owing to their different velocity, and at a depth of about three-

tenths Earth radius the wave velocities become nearly constant.

(3) This elastic rigid shell extends to about five-tenths Earth

radius.

(4) Beyond 120° from the focus the secondary (distortional) waves

seem to disappear, indicating that some rather abrupt change in the

material has taken place, and that there may be a non-rigid nucleus of

measurable compressibility.
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There is no doubt but that the wave velocity is reduced in this central

core. There is some difference of opinion as to whether the secondary

waves traverse it or not. In any case it probably consists of material

somewhat different from that of the middle, highly elastic zone. Since

the average density of the Earth is 5.6, and the average surface density

2.7 or 2.8, it follows that the core and the intermediate shell must con-

sist of heavy material. Hobbs concludes that there is a central core with

a radius of 2,200 miles composed of material similar to the meteoric

iron-stones, and specific gravity 6.9. Outside of this he places an inter-

mediate zone 1,000 miles thick consisting of nickel-iron, with density

7.6. The outer shell, 800 miles thick, is supposed to consist of material

similar to meteoric stone, with density 3.6. The superficial shell above

this with density 2.7 is very thin.

The most recent and in many respects the most adequate discussion

of the composition of the Earth's interior, is an elaborate paper by
H. S. Washington on the chemical composition of the Earth. He says:

"Of the many and somewhat varied suggestions that have been made as

to the distribution of matter in the Earth, that which supposes a solid

core of nickel-iron surrounded by a series of solid progressively vary-

ing silicate shells now meets with the general acceptance of geophysicists.

Such a distribution has been advocated for example by Oldham, Wiechert,

Gutenberg, Suess, Daly, Clarke, Adams and Williamson, and the present

writer [Washington] This concept of the Earth's interior

has been arrived at through several lines of evidence ; especially the

velocities of transmission of earthquake waves through the interior;

analogy with meteorites considered as fragments of a cosmic body; the

density, rigidity, moment of inertia, magnetism, and other physical

characters of the Earth; the compressibility of minerals and rocks; and

the chemical and mineral characters of igneous rocks. These lines of

evidence are convergent and they are mutually corroborative."

Washington's suggested distribution of matter in the Earth is as

follows : At the center is a core of nickel-iron of density 10 and radius

of about 2,100 miles. This passes gradually into the lithosporic shell,

consisting of magnesium and iron silicates, probably olivine, scattered

through a sponge of metallic nickel-iron, the whole having a composi-

tion resembling the meteoric pallasites. The average density of this shell

is 8, and its thickness about 440 miles. This shell in turn passes outward

into the ferrosporic shell by diminution of the amount of metal and

increase in that of silicate. This shell is composed chiefly of olivine and

hypersthene with 25 per cent or less of nickel-iron. It resembles the

chondritic stone meteorites. The average density of this shell is 6 and

its thickness 440 miles. The ferrosporic shell grades outward into the

peridotic shell, by the gradual disappearance of the nickel-iron and in-

crease of ferromagnesian minerals and labradorite. It is essentially a

peridotite, and its composition is similar to that of the achondritic

meteorites. Its average density is 4, and its thickness 900 to 1,000 miles.

Above the peridotic shell is a basaltic shell of density 3.2 and about 25

miles thick, overlain by the acid granitic shell 9 to 12 miles thick

and having a density of about 2.8. The overlying layer of sedimentary

rocks is too thin to be considered in the calculations. The computed
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average density of these shells is 5.49, and the known density of the

Earth 5.52. The correspondence is therefore good.

On the basis of the above analysis the central core would com-
prise 27.3 per cent of the mass of the Earth; the lithosporic shell 8.51

per cent; ferrosporic shell 22.55 per cent; peridotic shell 40.08 per cent;

basaltic shell 1.08 per cent, and the granitic shell 0.48 per cent. Also,

iron would comprise about one-third of the total mass of the Earth,

oxygen coming next with 27.71 per cent and silicon third with 14.53

per cent. Iron, oxygen, silicon, magnesium, nickel, calcium and aluminum
would make up 98.2 per cent of the mass of the Earth. Washington finds

a comparable relative abundance of the elements in the Sun's atmosphere,

although calcium seems to be more abundant there than iron.

It is next necessary to discuss the distribution of mass in the Earth's

outer shell. The data on this point are largely derived from observations

of the direction of gravity in different parts of the world, and from
pendulum observations of the intensity of gravity.

From the well-known statement of the law of gravitation it follows

that any mass of the Earth which stands above its surroundings should

exert a lateral pull upon all adjacent masses, and that if there are

any masses within the Earth of superior or inferior density, they in

turn must change the direction of gravity. Now continental platforms,

mountains and other eminences do stand above their surroundings, and

consequently every determination of the direction of gravity should have

a topographic component. The plumb-line seldom points straight toward

the center of the Earth. In the determination of the astronomic latitude

and longitude of a place, this is called the "station error".

If now there is no deficiency of mass within and beneath the elevated

blocks of the Earth's crust, their effects upon the direction of the vertical

can be computed provided their volumes are known. When, however,

the Himalaya mountains were weighed in the balance by means of the

plumb line, they were found wanting; and Airy, Pratt and Petit drew the

conclusion that the Earth's crust in the Himalayan sector must be of

abnormal lightness. The mountains seemed to float in the Earth's crust,

much as an iceberg floats in the water, because of their smaller density.

In 1889 Major Dutton gave the name isostasy to this state of balance

which seems to exist between adjacent blocks of the Earth's crust. The

idea of isostasy is one of the most important concepts in geology, and

there has rapidly grown up around it an enormous technical literature

contributed by geologists, geodecists, astronomers and mathematicians.

The term isostasy is often applied both to the state of balance exist-

ing between adjacent blocks of the Earth's crust of equal surface area

but different altitude, and to the general theory of isostatic balance.

The isostatic state may be illustrated very simply. Suppose a prism

of stone and one of iron, each having the same area of horizontal cross-

section and the same weight, to be stood on a thick sheet of heavy plastic

material; then in time they will sink into the yielding medium until

they float in equilibrium. The prism of stone will, however, project out

of the medium farther than the prism of iron, because its excess of

mass above the yielding medium is compensated by a deficiency of mass

beneath. At some level beneath the surface the superincumbent mass in
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one column is the same as that in the other. This is the level of com-

pensation. It is obvious that the lighter prism above the level of com-

pensation is longer than the denser. If now we substitute a suboceanic

prism of the Earth for the prism of iron and a continental prism for the

prism of stone, and conceive of them as resting on a yield-zone, or

asthenosphere—to make use of Barrell's conception—we have precisely

similar relationships of the two prisms, providing they differ in density.

It should be possible to determine the relative density of adjacent

masses of the Earth, no matter whether they are above or below sea

level ; and as a matter of fact this has been done on a large scale by
Hayford and Bowie in the United States, and by Burrard and others in

Asia and Europe. The pendulum method of gravity determinations

has been applied, particularly to oceanic stations ; but the geodetic method
of Hayford has been most extensively used on the continents. It con-

sists essentially of a systematic study of the station error, or discrepancy

between geodetic and astronomic determinations of latitude and longi-

tude. From such studies Hayford and Bowie concluded that within the

area of the United States the discrepancies are so small that topographic

features must be almost completely compensated by subsurface defi-

ciencies of density, and that the continent as a whole is compensated by

the superior density of the adjacent ocean floors. They concluded that

the level of compensation is about 76 miles (122 kilometers) beneath the

surface. Later determinations by Bowie give about 80 miles. While the

depth of compensation cannot be exactly determined, Barrell concludes

that under any tenable hypothesis all the compensation lies within the

outer one-fiftieth of the Earth's radius.

Barrell has elaborately reviewed the data of Hayford and Bowie,

in his monumental study of "the strength of the Earth's crust", and

concludes that while minor topographic features are probably not com-

pletely compensated, but stand up largely because of the strength of the

Earth's crust, nevertheless masses of regional extent are compensated.

He favors Gilbert's generalization that: "Mountains, mountain ranges

and valleys of magnitude equivalent to mountains, exist generally in

virtue of the rigidity of the Earth's crust; continents, plateaus and

oceanic basins exist in virtue of isostatic equilibrium in a crust hetero-

geneous as to density."

It is not feasible to review here any part of the enormous mass of

technical details that leads to this conclusion, and to the further con-

clusion that the rigid and strong crust is underlain by a solid, but weak,

zone of great thickness, the asthenosphere; but it can be stated that

both conclusions rest upon a very substantial foundation of observa-

tion and close analytical reasoning. The apparent paradox of high

rigidity and zones of weakness will disappear if we recall the distinc-

tion between rigidity and strength already stated. The asthenosphere

is characterized by high pressure, high temperature, and a delicate bal-

ance between temperature and pressure such that any lessening of

pressure through deformations of the rigid shell above may cause some
of the material of these two shells to pass into the fluid state, thus

initiating the accumulation of magma reservoirs.
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Mountains.

To the layman mountains are merely conspicuous topographic fea-

tures with limited summit area. They are surface features. But to the

geologist they are, with few exceptions, the results of failure of the rigid

crust under stresses originating in the interior. They are intimately re-

lated, therefore, to the constitution and dynamics of the Earth's interior,

and are the outward manifestation in folding and fracturing, of very

slow secular changes that are in progress below the surface. For this

reason the discussion of mountains has been postponed till after the

description of the interior.

A mountain range or crescent is an elongated zone of folding or

wrinkling and fracturing of the Earth's crust. It seems to represent

in the main a strain resulting from compressive stress. This is

illustrated when sheets of paper are caused to buckle and slide over each

other by pushing against their edges. If long sheets of wax, plaster

of paris or clay, be placed in a box, loaded with shot, and compressed

by moving the movable end of the box against them with a powerful

screw, as in the experiments of Bailey Willis, the types of folds and
fractures found in mountains can be very accurately reproduced. By a

proper application of compressive force to layers of plastic material,

curved or crescent-shaped wrinkles, similar to the mountain loops of

the Alps and eastern Asia, can be produced. It is, therefore, generally

conceded that mountains are the result of the action of thrust or

tangential compression in the Earth's crust.

Since the Earth is a spherical body, a condition of compressive stress

in the crust must be related to radial shortening or shrinkage of the

entire mass; to expansion of the crust from heating or the release of

confined material; to the movements of magma; to the sagging of basin-

shaped depressions in which sediments are accumulating; to the down-
sinking and wedging action of heavy sectors; to creep, slump, etc; to

changes in the Earth's figure due to changes in the rate of rotation or

the position of the axis of rotation; to the operation of stresses of ex-

traterrestrial origin ; or to various combinations and associations of these

causes.

This is not the place to discuss the intricacies of mountain structure

;

but a few of the more significant features may be noted. Seen in plan,

mountain ranges and systems usually trend in sweeping curves or cres-

cents. The Asiatic loops already often referred to, illustrate this very

perfectly. The uninitiated will most readily detect this in the magnifi-

cent island crescents of the Aleutians, Kurile, Japan, Philippine islands,

Andaman islands and Sumatra, and in the colossal bow of the Himalayas.

The Lesser Antilles, bordering our own Caribbean are another beautiful

example. In Asia the oldest crescents are in southern Siberia and outer

Mongolia, parallel with the old shield-land of Angara. The youngest

are the outer island loops. Between are the great loops of the Altai,

Tianshan, Great Khingan, Kuenlun, Himalayas and the coast ranges of

eastern Asia, all approximately concentric with the ancient border, and
arranged like giant festoons throughout eastern and southeastern Asia.

The Alps and Apennines, Carpathians and Balkans, and in Asia Minor
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the Taurides, carry out the plan. In America the ranges of the central

Rockies remind us of the great loops of the East Indies. The Alaskan
and Endicott ranges of Alaska, the Coast ranges, the swinging curves of

Mexico and Central America, the symmetrical mountain border of South
America; even the mighty sweep of the Appalachian ridges from New-
foundland to Alabama, and the subdued ranges of Brazil conform to this

wondrous scheme.

In vertical cross-section mountain systems exhibit series of up-and-

down folds—anticlines and synclines—cut by great fracture-planes or

faults, upon which the folded slices of the crust have been slid over each

other, often to an unbelievable extent. In the arena of greatest dis-

turbance the folds are usually tipped over to one side, or overturned,

in the direction toward which the principal thrusting and sliding of

the slices or nappes has tended. The amount of overthrusting or hori-

zontal displacement of the slices is prodigious, amounting in the Alps

to 80 or 100 miles. Keith estimates that in the southern Appalachians
the thrusting and folding combined indicate a total compression of this

Earth-segment by as much as 200 miles. The total compression

or shortening of the Earth's crust during the entire history of the Earth
can only be measured by hundreds, and probably by thousands of miles.

Unless these localized compressions have been compensated by extension

of the crust in other regions, of which there is little evidence, the Earth's

diameter has been shortened one mile for every 3.14 miles of crustal

shortening. It is obvious that the Earth has been growing smaller.

When we decipher the history of a mountain system, such as the

Appalachians, we discover one further remarkable fact, first brought to

the attention of geologists by James Hall, though suspected by Babbage
and Herschell; namely that every great mountain system stands where

once a great depressed trough or geosyncline lay below the sea, ac-

cumulating sedimentary deposits throughout vast periods of time. These

geosynclines, as Dana called them, sink as they are filled with sediments,

sometimes until tens of thousands of feet of sediments have accumulated,

and until finally the weakened crust gives way and brings in play the

mighty compressive mechanism that slowly buckles them up into a

mountain system.

The great geosynclines of North America and South America ac-

cording to Schuchert seem to have lain between the ancient shields and

extensive marginal lands or border-lands, now foundered beneath the

margins of the adjoining oceans—dragged down by their subsiding deeps.

Thus have disappeared ancient Appalachia on the east, and Cascadia on

the west of North America; and an old land that once lay off the west

coast of South America.

Hypotheses and Synthesis.

There are many hypotheses of mountain building and the origin of

the continents, but they nearly all agree on one point, that shrinkage of

the Earth is the dominant factor. How this shrinkage has been caused,

and by what specific mechanism the vertical descent of the Earth's mass

toward the core has been transformed into tangential thrust sufficient to
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fold and slice the contorted crust and compress it by hundreds of miles,

is a problem still awaiting final solution. I shall refer briefly to the

main hypotheses.

To the ancients, sudden catastrophic upheaval seemed a sufficient

explanation of all the Earth's diversified topography, and seemed to fit

well with the volcanoes and earthquakes of the eastern Mediterranean

home of the elder civilizations. It was not until the close of the 18th

century that considered theories of the origin of the Earth and its

physiognomy began to emerge out of the fog of fable and ecclesiastical

repression. Lehmann and Fiichsel, Humboldt and Von Buch, Pallas and
de Saussure laid the foundations of more modern conceptions; but they

generally appealed to forces of upheaval rather than to tangential thrust

as the cause of mountains. Hutton appealed to the expansive force

of internal heat; and Babbage, Lyell and de la Beche accepted this view.

Elie de Beaumont, in the first half of the 19th century, was the first

to suggest that contraction of the Earth as a result of cooling would

produce a state of compression in the rigid crust; and this theory of

the cause of mountains has been the dominant view ever since, de Beau-

mont, however, regarded the action as sudden and of the catastrophic

order.

It remained for Hall, Dana, and LeConte, in America to put the

theory of tangential thrust on a sound basis and to point out the im-

portance of regions of sedimentary accumulation—geosynclines—as a

preparation for mountain building. Hall believed that loading of the

crust caused subsidence, and that the rise of internal heat into the sedi-

ments, together with the pinching resulting from the sagging of the

trough, caused the folding. Dana pointed out the inadequacy of this as

a cause of folding, and appealed to secular cooling of the Earth as an

adequate explanation. This view became little short of a dogma in 19th

century geology.

The pentagonal reseau of deBeaumont and the tetrahedral theory

of Lowthian Green, I need not discuss.

As the prodigious amount of crustal compression became known,

geologists began to doubt the adequacy of secular cooling, and Osmond
Fisher showed it fallacy. It is interesting that one of the latest books

on Earth genesis, by Harold Jeffreys, returns to this well-worn theory,

and tries by a new mathematical analysis to show that it is adequate.

He greatly underestimates the amount of compression to be accounted

for.

With the general abandonment of the theory of secular cooling, some
returned to the geosynclinal theories of Babbage and Hall, while others

sought for additional causes of shrinkage. Still others have appealed to

changes in the ellipticity of the Earth, shifting of the axis of rotation,

suboceanic spreading and continental creep, and drifting of the con-

tinents. Suess, in his magnificent analysis of the Face of the Earth,

represents the continent of Asia as creeping outward over the margins

of the subsiding deeps in response to a thrust acting toward the oceans.

He appealed to general contraction, however, as the cause of the thrust.

Hobbs believes the thrust came from the oceanic side. Taylor and

Wegner have attempted to prove that the continents tend to slide toward
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the equator with a southward and westward movement, and that their

margins are mashed and crumpled by the resistance of the subjacent

zone. Wegner's theory is the most elaborate of this type. He supposes

that the present continents once constituted a large continuous land mass,

and that this split, and North and South America drifted away from
Eur-Africa toward the west, the light sial of the continent floating on the

heavy sima beneath it. Australia pulled loose and lagged behind toward
the east. The island crescents of eastern Asia are the ravelings pulled

off the eastern border of the drifting residual mass.

With the general acceptance of the theory of isostasy has come
another revision of theories of mountain-making and continental origin.

Bowie, Burrard and others have tried to find in isostatic readjustments a

vera causa of mountain folding; but most geologists have written the

word inadequate across this explanation. Bailey Willis believes in the

interaction of many light and heavy masses. Chamberlin, whose pro-

found planetesimal theory of Earth origin is now generally accepted,

argues from the gradual manner in which he believes the Earth to have

been built up, that it would have had such a degree of primitive hetero-

geneity as to permit a very large amount of subsequent gravitative con-

densation, because of extensive chemical, mineralogical and subatomic

reaggregations of matter within it, as compression gradually increased

in the growing Earth.

Chamberlin further argues that the Earth very early in its history

achieved a major segmentation as a result of which the superior density

of the suboceanic or master sectors was produced, and that the oceanic

areas have as a consequence always been areas of subsidence, with the

continents, or squeezed sectors, pinched between them. He considers

this pinching as the direct and adequate cause of mountain folding and
its marginal location, and of the final foundering of the ancient border-

lands. If, however, isostatic compensation is complete at a depth of

80 miles, and below this depth lies a yielding asthenosphere, it is difficult

to see how direct wedging pressure of the oceanic sectors, sufficient to

produce the extraordinary amount of compression observed, can be

brought to bear. The comparatively thin rigid crust would not be stiff

enough to administer the terrific push. This objection lies against all

theories of sub-oceanic spreading. Chamberlin, to be sure, tries to

escape it by making his solid wedges extend to the core of the Earth;

but as Barrell has pointed out, this virtually denies isostasy. Never-

theless the origin of the thrust must be deep-seated, and I believe that

Chamberlin is right in regarding the heavy oceanic sectors as the main

reservoir of the mountain-making force.

Eecently Keith has suggested a mechanism which in part escapes

this dilemma, namely the tangential pressure of rising wedges of fluid

magma invading the rigid shell. Subsidence of the oceanic sectors is

appealed to as a source of the hydrostatic pressure which sets the

magma in motion and lifts it into the crust. Keith's theory leaves much

to be desired, but I believe that with slight modification it is a service-

able hypothesis.

Suess and Hobbs have shown that the island arcs of Asia, faced

by fore-deeps, are backed by volcanic belts. A similar arrangement is
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found in other mountains. Hobbs has further shown that the rising

mountain ridge, of which the islands are only the crest, tilts backward
away from the fore-deep. As the anticlinal ridge rises, the synclinal

fore-deep sinks, and underthrusts it. There must certainly be a lateral

movement of material from beneath the deep into the region under the

anticline. We may now assume that the pressure of the subsiding
oceanic wedge against the continental margin has been sufficient to

initiate the bowing and folding of the rising arch. With the first lifting

of the arch the pressure is relieved below it to a slight extent, and
the subjacent material, always at the critical boundary between the

melting urge of high temperature and the restraining hand of pres-

sure, will begin to liquify and form a magma reservoir. This will be
encouraged by dilatation of the material of the rising arch, as recently

suggested by Mead. Rising into the anticline through the shear zone
and pursued by the heavy solid material moving plastically through
the asthenosphere, from beneath the subsiding ocean floor, the magma
will flow under the folding sedimentary beds, dragging them on its back,

shoving and folding them, and finally wedging and eating its way to the

surface, and emerging to the light of day in the row of volcanic vents.

In the Atlantic and Indian areas the sinking oceanic sectors have
dragged the former continental margins down with them. Thus has

India been severed from Africa and Africa from South America; while

the encroaching Indian, Pacific and Atlantic deeps have whittled off the

southern ends of South America and Africa, separating them from
Antarctica. Along the eastern and western coasts of North America
and western coast of South America the ancient border-lands have
foundered into the abyss; and the continent of Antillia has been rent

asunder.

Let us try now to gather the bewildering details of the Earth's

interior and exterior architecture into a consistent scheme. Let us stand

once more at a point removed, where facade and transept, tower and
dome, column and pilaster and corbel, arch and buttress and window
blend into harmonious beauty. Let us walk through its lofty corridors,

where nave and bay and aisle, altar and choir and chancel, apse and

chapel fit into the groined and pillared framework. Only so shall we
comprehend the building of this mighty edifice.

The continents and ocean beds are the primordial light and heavy

sectors of the Earth's framework, balanced, but striving against each

other in eternal search for that isostatic adjustment which is continually

disturbed by the shifty play of wind and rain, weather and stream and

ice, wave and current upon their surface; and by the uneasy Titans of

heat and pressure and chemical and atomic transformation that heave

and groan deep beneath the crust. The mountains and plateaus, the

fore-deeps and the central sags, the shifting strand, the troughs and

geosynclines, the ragged outlines of the mediterraneans with their shoals

and deeps surrounded by the flotsam and jetsam of disrupted lands, the

wreckage of continents and shields strewn about the borders of the

Indian and Atlantic seas, the sunken reefs of the Pacific, the foundered

borders and the tapering southlands are the visible expression of the

age-long struggle to build the framework of the Earth.
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BIOLOGIC SCIENCES IN OUR HIGH SCHOOLS.

Alfred C. Kinsey, Indiana University.

The high schools of the United States, and more recently of Indi-

ana, have been effecting important changes in their courses in the bio-

logic sciences. These changes concern not only the secondary schools,

but the higher institutions which draw their students from these schools,

and which in turn train the teachers for the high schools. The present

situation is therefore of wide enough interest to warrant the following

summary account.

Four biologic sciences, physiology, botany, zoology, and general biol-

ogy, are being offered in our schools. The agricultural sciences, while

fundamentally biologic, present such special problems that they may
be eliminated from this discussion.

Of the four sciences named, physiology has figured least prominently.

In its elementary presentation it has dealth chiefly with human hygiene,

a subject so often presented in the grades that physiology is gradually

being dropped as a high school subject.

Botany once held the chief place as a high school science, 65 per

cent of the Indiana schools presenting it as recently as 1922. But it

is rapidly being replaced by general biology, less than 40 per cent of

the high schools teaching it today. 1

Zoology as a secondary school science began to decline at an even

earlier date. It now survives in hardly 1 per cent of our schools.

Against the above, general biology, which appeared in Indiana three

or four years ago, offers a striking contrast. In 1922 it was taught in

some 3 per cent of our schools; today it is offered in something over

40 per cent of them.

These are the conditions, whether they suit us or not. The older

sciences have failed to hold their places in secondary education while

general biology has found a widespread acceptance.

In attempting to appreciate the reasons for this situation we must
understand that the high school student may fairly be concerned with

the science that proves of most profit to him when he becomes an average

adult with an average but incidental interest in biologic affairs. For
every future biologist we may train in our high schools, we must train

several hundred future citizens who need such a bird's-eye view of the

world in which they live, and such a grasp of broad principles that they

may understand what biologic problems are concerned in the specific

phenomena with which they will meet. The general biology course has

won its acceptance chiefly because it presents a bird's-eye view of

the sciences of taxonomy, morphology, heredity, evolution, ecology, dis-

tribution, and behavior.

1 Data based on information from the Indiana Stale Board of Education.
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General biology utilizes both plant and animal material but it is

not botany added to zoology. It is concerned with those principles ap-

plicable to all organisms, and usually leaves for advanced courses in

botany such data as apply only to plants, or to advanced courses in

zoology the material that concerns only animal species. In every field

of our science there are fundamental problems common to all living

creatures. The principles of heredity are neither botany nor zoology;

the principles of evolution are broadly biologic, whether illustrated by
plants or animals, and in elementary teaching can best be presented from
both plant and animal data; the problems of ecologic relations, balanced
conditions, epidemics, and economic control embrace in every instance

plants and animals. These are the general problems in which the aver-

age man wants instruction.

Whether such a course in the principles of general biology can

succeed in our high schools can hardly be predicted from the short

three years of our Indiana experience. But our judgments are by no
means dependent upon this information. We are trying no new experi-

ment, we are neither pioneers nor radicals, but belated followers of a

program tried and proved in other states of the Union. As long ago

as 1916 three-quarters of the courses in the biologic sciences in New
York State were general biology.

That their experience was satisfactory is evident from the subse-

quent increase of the subject in that state. Today 95 per cent of

the biologic sciences taught in New York are in general biology. 1

Similar records might be cited for Massachusetts, Pennsylvania, Vir-

ginia, Ohio, Minnesota, Missouri, Montana, Utah, Colorado and Cali-

fornia, to name but a few of the states that have tried the experiment

for us.
2

General biology will succeed in Indiana if our normal schools, col-

leges, and universities will support it by training teachers to adequately

synthesize botany and zoology. We have not met the situation when
we train our students to teach botany, and train them to teach zoology.

We cannot expect them to make the synthesis which we as professional

biologists have failed to make. Somewhere in our program our botany

and zoology majors should find a unit course that may serve to guide

their own more specialized studies; and whatever his state license may
say, no biology teacher is adequately trained until he has had a course

in methods and practice teaching in general biology.

Some of our high school instructors, trained in botany and zoology

are making excellent biology teachers. Many of them are badly handi-

capped by their specialized training. Indiana now needs something like

200 teachers ready to present a unit biology, after which the yearly

demand will far exceed the supply we are furnishing today.

Recent exhibitions of the public ignorance of fundamental biologic

principles emphasize just how much the country needs elementary train-

ing. If we find defects in the present biology program, let us apply

x Data from 19th Report, N. Y. State Board Education, pp. 591-596, 670-672.

• This based on information secured within the year by correspondence with the

Boards of Education of each of the states, and from confidential figures supplied by

publishing companies.
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ourselves to the task of remedying them; but let us realize that this

general course is providing such an opportunity as no other biologic sci-

ence has ever given us. Then let us in our higher institutions assume

the training of the teachers who will put across this general biology in

the high schools.

5—35508
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IMPROVEMENT OF THE DISCIPLINARY TRAINING OF
HIGH SCHOOL SCIENCE.

Edwin M. Bruce, Indiana State Normal School.

It is certainly gratifying to those teachers who have been pioneers

in the establishment of the sciences in the high schools to see their

early dreams being realized in the magnificently equipped science de-

partments in our best modern high schools. They can appreciate these

attainments for they know what a long hard struggle science had in

obtaining its present respectable standing. It was a fight for nearly

every inch of gain, sometimes for the necessary funds for equipment,

often for suitable laboratory quarters, and at other times for a fair

consideration in the curriculum.

We are rapidly gaining the confidence of the public, as attested by
the large sums of money being spent for the science work. But science

can most assuredly expect to account for this stewardship. We shall

be asked to show adequate returns for these large expenditures; and in

that day of accounting it will not suffice to point to the scientific progress

of the age, or to the wonderful achievements of science in general. We
shall have to point to this or that specific contribution which the high

school science is making.

But on the other hand we would do science an injustice, in pleading

its cause, if we should attempt to evaluate it only in terms of knowledge
imparted, or assistance rendered pupils in preparing for industrial

positions. That it has these values no one would deny. But to meas-
ure the value of science to high school boys and girls primarily by these

standards would not infrequently embarass us at examination time by
the meager showing along the information line, and greater still by
the pupil's inability to make use of the information acquired.

By far the greatest contribution science can make to education is

its disciplinary or cultural training. This is not a new thought at all.

Nearly 50 years ago, in an address on "Science and Culture," Huxley
advocated the teaching of science in schools because of its cultural value.

And this doctrine has been reiterated to the present time, but science

as taught today in many schools has but very little cultural value. We
speak in extended terms of the material benefits of science but seldom

boast of its disciplinary results.

This paper is a discussion of one of the possible reasons for the

meager results along the line of disciplinary training, and an attempt
to suggest a possible remedy for it.

The successful studying of science requires a peculiar analytical

attitude of mind. The ideal student must possess, first of all, an in-

quiring, investigating disposition, a love for delving into the meaning of

the facts of nature, accompanied with such an interest that the pleasure

itself is sufficient incentive. He must be able to investigate with an un-
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biased and impartial attitude of mind, reasonably free from all super-

stition and traditional influences. The scientific mind should not have
a slavish reverence for the validity of anything and everything just

because it happens to find its way into print. A further requisite for

the study of any branch of science is the ability to make correct con-

clusions from the results of the investigations, and along with this, to

possess a bit of skill in mechanical manipulation. Now these are a few
of the fundamental qualifications which we wish students to have in some
degree at least when they enter the formal science work; or to acquire

very early in the course. The term disciplinary training as used in this

paper means the further development of these and similar qualities.

From my own experience I would say that the greatest handicap to

beginning students in high school or college science is the lack of the

scientific or inquiring attitude of mind. Of course we do not expect be-

ginners to have these capacities in any considerable degree of maturity.

Their observing may be faulty, hypotheses crude, and conclusions poor,

but if they manifest an interest in things, a desire to investigate, along

with a little initiative, they are a mighty desirable bit of raw material

for the science departments. But it is unnecessary to remind a body
of science teachers that such students are a small minority.

The failure of the major portion of the student body to acquire

the real disciplinary training of science has been attributed sometimes

to faulty training in their preliminary education, again to a lack of

mental capacity for strenuous science work, sometimes to a frivolous

attitude of mind engendered by the demoralizing tendencies of this play

and pleasure mad age. These and other such influences no doubt stand

in the way of the most successful results. But there is a more funda-

mental cause for the inability of high school students to get the cultural

training which may be acquired through the study of sciences.

Young children are naturally scientific. They are born with an

investigating spirit or disposition. They have an impelling force to

examine things, to ask questions, to experiment, even to do an elementary

type of research work. Sense perception is functioning. It is nature's

time and method for making children acquainted with their natural

environment. They have a vital instinctive interest in nature

because it is the source of their food, clothing, shelter and a large part

of their pleasures. In these early years this investigating spirit func-

tions even without the guardian influence of a school teacher, and some-

times even in the face of the teacher's attempt to suppress it.

Science thus starts with this simplest of all mental processes, sense

perception. It is the means whereby most of the facts of any physical

science are obtained. It goes without saying too that the proper time

to stimulate a mental faculty is when it is active or dominant. But it

is equally self evident that an unused faculty will atrophy like an

unused muscle. In the common schools of former years and in many at

the present time, there has been this peculiar situation—sense percep-

tion dominant in the earliest school years, but left without training

until the students take up formal science in the senior high school, with

an intervening gap of six or eight years.
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Teachers know how difficult it is to get high school students inter-

ested in the study of natural phenomena after this first interest has

been permitted to die out through lack of proper exercise. The pre-

dominance of book work in these early grades tends to discourage inde-

pendent activities of all kinds making it almost impossible to again

awaken interest in any type of experimental or observation work. On
the other hand, those students whose home environment has encour-

aged the investigation of natural phenomena, come to the high school

much better equipped for science studies than those who have not had

such preliminary training. To repeat, it is of the greatest importance

to high school science that we tide over the child from the period when
he is a most intense inquirer into the meaning of the physical world

all about him, to the time when he shall take up one or more of the

formal sciences still possessing his early interests in nature.

Probably the best if not the only way to do this is to have some
kind of systematic, well organized elementary science work all up through

the grades and junior high school. Call it by whatever name you
choose, nature study or elementary science.

But I am aware of the unpopularity of these terms among a group

of orthodox scientists. When nature study was first introduced we de-

clared that the study of science requires a maturity of mind capable

of thinking inductively and therefore entirely beyond the capacity of

grade children. We thought that grade teachers could not teach science

facts in a scientific way. We were of the opinion that such power
resides only in those who have been baptized into the elect body through

a B. S. or an M. S. We thought that the quality of work which could

be done would only lead to improper habits of investigation and false

notions of science. So, for these reasons many science teachers have
held themselves aloof from the nature study movement, sometimes even

taking an antagonistic attitude to it.

But a sufficient number of superintendents and teachers have rec-

ognized its worth in the pre-high school years to save it from the

educational scrap heap. Nature study has constantly but quietly gained

ground and is today, in Indiana, a part of the preparation of all ele-

mentary teachers.

So what is being said in this paper is in no sense a plea for the

introduction of elementary science. We already have it, and it is quite

evident that it has come to stay. Some kind of elementary science is

going to be taught throughout the grades and junior high school. The
public has a right to expect the maximum results, which we can scarcely

expect to attain under the present conditions. The work needs some
directing hand and I believe the supervision of elementary science is our
problem, and that we are missing a great opportunity to improve the
science work not only of the grades but also of the high schools and col-

leges if we do not assume this responsibility.

The average results now being attained, though far from satis-

factory, are probably all that can be expected under present conditions.

This is no reflection upon the teachers who in the past have been obliged

to teach a subject without any special preparation. In the first place
there has generally been no means for unifying the nature work of the
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several grades. Every teacher of every grade has worked independently,

without consideration of the work of preceding or following grades which
has resulted of course in endless duplications. There is and always has

been a noticeable lack of unity of purpose. To some teachers elementary

science is mere busy work to keep pupils occupied while they themselves

attend to other duties. Others make a reading lesson of it from some
book which uses nature at most as a background for children's stories.

In these books facts, poetry, fiction and mythology are so intermingled

that the child gets only the most perverted notions of nature. Many
teachers think nature study is elementary agriculture and nothing more.

Then there are those teachers, fresh from college science who under

their glowing inspiration want to hand down to the little children the

great fundamental generalizations of the sciences. But most pathetic

probably of all is that class of nature study teachers who are making
an aimless outdoor frolic of the work. The students of all these teachers

later enter the high school science courses with this conglomerated back-

ground. Is it any wonder that we are failing to get the cultural or dis-

ciplinary results which we have a just right to expect?

Who is better fitted to correct these misconceptions than the high

school science teachers, for it is their special field? To them the selec-

tion of material for this elementary science should be a very simple

matter while it is a gigantic matter to the grade teachers. They would
know as the grade teachers might not know what nature facts are suit-

able to study, the essential points to teach, and how to plan

and conduct such lessons. In a supervising capacity they could unify

the work by outlining a suitable course for the several grades. They
would be the proper ones to give some kind of instruction to the grade

teachers in the scientific method of conducting a lesson. The science

teachers could be of great service in supplying simple materials from
their stock, and more than all in being the main source of inspiration to

the nature study teachers. Their assistance in these lines would not be

considered an intrusion but would be most welcome.

This effort would by no means be without reward to the high school

science teachers, for elementary science when properly taught gives chil-

dren a start in the scientific method of studying natural phenomena.

Of course the results will be very elementary, but the habits formed will

be in the right direction and will not need to be undone in the physics,

chemistry or botany class. Science will be benefitted by the child develop-

ing some skill in interpreting results, in formulating them into reports,

and in acquiring some alertness in discovering new problems for in-

vestigation.

Science has good precedence for a course of preliminary training

in the grades. The success in high school literature is due in large part

to the fact that the child starts the study of literary selections almost

as soon as he enters school, and continues their study throughout the

grades. Algebra and geometry start in the kindergarten with simple

number relations. High school history lays the foundation for its work

in the grades. Sentence construction throughout the elementary school

is a stepping stone to rhetoric and composition. What would high school

music accomplish if it were introduced for the first time to the fresh-
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man class? This carefully planned and directed preliminary training is

one reason evidently why these subjects are getting better and more

definite results than we are in the sciences.

The views expressed throughout this paper have been based largely

upon the results of a plan instituted in the Indiana State Normal Train-

ing School about 15 years ago. The nature study work was under the

direction of one of the regular science teachers. At the start a number
of conferences were held with the grade teachers, in which the dis-

ciplinary value of the work was stressed, and its purpose or aim, and

method were explained. Special emphasis was placed upon the experi-

mental phase of the work. A series of nature study lessons was pre-

pared for the eight grades. They were outlined in considerable detail,

taking into account the personal tastes of the teacher in the selection

of the materials. Assistance was rendered in furnishing library refer-

ences for the teacher's benefit, on the facts to be taught, and in secur-

ing materials and apparatus.

It was most gratifying to see how teachers and pupils became inter-

ested in the work under some kind of definite plan. The results were

beyond our expectations. We noted a marked improvement in the train-

ing high school science as these grade children moved up into the high

school. There was also a noticeable increase in the number
electing science courses. After a few years a special nature study

teacher took charge of the work, which of course is the better plan.

In conclusion, my experience with elementary science confirms me
in the belief that there should be an uninterrupted study of the field of

science from the kindergarten to the senior year in high school. There

should be just as much concern for the work in the earlier years as for

that of the high school, for whatever mistakes and weaknesses are in

these earlier years are sure to appear later as handicaps to the best

results. The disciplinary training of the high school science will be

improved by giving special attention to the elementary science of the

grades, and that the one best qualified to direct or oversee this uninter-

rupted science course is the high school science teacher.
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PHASES OF SCIENCE TEACHING IN SECONDARY
SCHOOLS. 1

Frederik C. N. Hedebol, High School, Springfield, Illinois.

That the position science holds in our democracy today leaves much
to be desired is a fact well illustrated by recent happenings in Kentucky,

Tennessee, and elsewhere. These happenings are, however, merely

effects and, when we look deeper below the surface of conditions, we
are likely to find that dogmatic antagonisms by special political and

religious interests are not the only, nor the worst, difficulties we meet,

important though they may be.

It is within the walls of our institutions of learning that we are most

apt to encounter the causes of the troubled waters upon which the good

ship of science is at present sailing. The very growth of science and

the traditions of scientists can better explain our present situation than

anything else. The science professors of our worth-while colleges and
universities have been guided by the "itch to know" spirit in their work.

They have blasted new trails into the wilderness of the unknown and
have lit strange torches to show humanity the new roads that have been

opened to travel. These professors have also done their best, through their

writings and teachings, to inspire their students with that same spirit.

This is only natural and it is just as natural that those of their stu-

dents that aspired to become science teachers should strive to carry on

that spirit in their work. This has been true of science teachers in

secondary schools, as well as of those in higher institutions of learning;

they have tried to do in miniature what they had learned in the colleges

and universities. Such a procedure was perhaps both proper and wise

in the days when our secondary schools were college preparatory institu-

tions, with a small select student body that had ambitions for profes-

sional careers.

But the world has changed and, thanks to science, the common man
has, in America and elsewhere, found a "place in the sun." The change

has been felt in our school systems perhaps as much as anywhere, and,

as a consequence, our secondary schools are not what they used to be.

Within the past generation their population has changed from the

select few to the great multitudes and, it seems, the interest in "knowl-

edge for its own sake" has been correspondingly diluted. This

may seem a regretable defeat to science but, looked at from an educa-

tional standpoint, it really is the greatest possible victory. We have, for

the first time in human history, conditions under which it is possible for

practically a whole population to get a systematic, though usually very

elementary, course in science. The resulting possibilities may prove to

be the greatest asset humanity has ever had, or it may prove to be the

last chance science will ever have to show its worth to the human race.

1 The Practice of Teaching. Morrison, H. C. University of Chicago Press.
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Whatever the results will be, only time can tell; but the fact is that
the youth of our nation is facing us today with the question—can science

prepare for life as well as for college?

This question places the science teachers in our secondary schools in

peculiar but interesting and important situations. If the aims motivat-
ing the students which such teachers find under their care are not the

same that motivated the teachers, then the teachers must turn face about
and find out what these aims are, to do justice to their work. But a

survey of the field of science in our secondary schools of today shows
many other obstacles. Briefly we may describe the most important of

these are follows: (1) A heterogeneous population of boys and girls, from
bright to dull, curious to cynical, industrious to lazy, pupils with a good
educational background and pupils with practically no such background,
pupils from excellent homes and pupils from mere hang-outs. (2)

Competition with outside influences, such as the movies, books

and other printed matter, much of which passes as scientific but

which one of our greatest scientists so strikingly characterizes as "The
Underworld of Science." 2

(3) Textbook difficulties" which mostly arise

from the fact that such books are written from the specialist's point of

view, though this is becoming less and less true. (4) Administrative

difficulties, which make it necessary for many teachers to give instruc-

tion in science without adequate preparation while well prepared science

teachers often must instruct in other subjects.
4 These, and other factors

of minor importance, as scanty financial support and size and composi-

tion of classes, over which the science teachers in these schools have

little or no control, all form serious obstacles to effective science teaching

in these schools. That reorganization of science courses is necessary

under such conditions is self-evident, and while much good work has

been done along those lines, much more must be done before all friction

arising from these causes disappears.

Remembering that less than five per cent of our high school stu-

dents ever go to college and that but a small percentage of those that

do, go to become scientists, our question becomes, "What can science

do for all the others?" In this connection it might be well for us

to remember that those others will always constitute a voting majority

in any democracy. To answer such a question is as far beyond the scope

of this paper as it is beyond the power of the writer. There will be

differences of opinions at every turn, but one thing seems certain, we
must find the aims of our pupils and, whatever we find them to be, we
must, to conscientiously fulfill our duty, make those the guiding lights

in our work. In other words, when I teach botany in a secondary

school, I must remember that I am not to train botanists, but I am to

train boys and girls that are potential men and women, prospective citi-

zens and parents. It is in the activities of those fields then, rather than

in that of the professional botanist, that I must seek the goals toward

which my efforts should be directed. Whatever my ideals in the field

2 The Underworld of Science. D. S. Jordan. Science, October 9, 1925, p. 326.

3 A Comparative Analysis of High School Textbooks in Botany. Frederik C. N.

Hedebol. Univ. of Chicago, School of Education, 1924. Unpublished Master's Thesis.

4 Northern California Conference on Science Teaching. Science, August 21, 1925.
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of botany are, they must be subservient to the ideals in my field of

work, the proper development and adjustment of my students.
5

Can science prepare for life as well as for college? In our attempt

to answer this question we science teachers in the secondary schools

find that we must follow other roads than those we learned to cherish

at the feet of our masters. We must renounce, remove, remodel, re-

organize before we can fulfill our mission properly. What then are we
to do? There are certain fundamental principles which, it seems to me,

should diffuse through all our work if it is to be worthy the name of

science. (1) An acquaintance with and an understanding of what
science is, what the scientists are doing, and why they do it. This is

quite essential for any individual that is to be properly adjusted to

this scientific world of ours. It should not only prove interesting to

everyday people but should create "the duty of trusting intelligence"

which is so necessary if "the righteous shall not be forsaken and his

seed begging bread." (2) Training in scientific methods of thought.

This should be given to all that can profitably benefit from such train-

ing and it should be so directed that it will form a sound defense

against propaganda and dogma,7 something that is direly needed these

days. (3) Instruction in scientific methods of procedure. This is of

great importance where it is properly adjusted to the abilities and in-

terests of the pupils.

It is through these,—the what, why, and how of science—that we
should succeed in teaching the next generation of this country how to

properly interpret and apply the facts we want them to master, and
how to draw proper conclusions and generalizations from the facts they

have mastered. Through these principles we should succeed in estab-

lishing the habits of asking, what are the facts in the case and what is

the reliability of those facts? Our students should thus learn how to

analyze facts and formulate assumptions on their own account, and when
they have acquired the ability and habit of doing that, the principal

duty of the science teacher has been performed.

But in the process of acquiring the implied attitudes, habits, skills,

and abilities to evaluate, we shall want to use an enormous amount of

scientific data. There is plenty to select from and the temptation is to

follow beaten paths—courses taken, familiar textbooks, etc.,—because

this is easy. Bearing in mind the many limitations that hamper the

science teachers in secondary schools, there is some justification for

their following the road of least resistance. Whenever conditions per-

mit, however, much more effective procedures should be followed. With
a well selected text as a nucleus there should be a branching out that

would tap all available sources of material which have any bearing on

the questions and problems under consideration. All material that was
found to contribute to the following fields of human activities, in any

5 Schools of Tomorrow. J. Dewey. E. P. Dutton & Co., N. Y., 1915. Chapters

I, II and III.

8 The New Decalogue of Science. A. E. WigganL Bobbs-Merrill Co., 1922-1923.

p. 186.

7 Scientific Education as a Defense Against Propaganda and Dogma. B, E. Gruen-
berg. Addresses and Proceedings. Natl. Ed. Assn., 1925, p. 598.
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worth-while degree, would then become part of the course, providing, of

course, that time and other factors would warrant its inclusion.

(1) The physical, mental and moral health and happiness of the

individual.

(2) Family relations or the health and happiness of the home.

(3) Community or small group co-operative activities.

(4) State and national or large group co-operative interests and
activities.

(5) International or broad human co-operative relations.

These are all fields in which free individuals of a modern democ-

racy are called upon to exercise their powers and the science that has

nothing to contribute to the solution of problems in these fields should

show good cause why it should be included in the study program of

an individual who is not to become a regular science student. Just

what the objectives in the above fields are, which science students in

secondary schools could profitably use, are questions of curriculum mak-
ing8 and much excellent work is now being done in this field.

9

Yet, when the science teachers in secondary schools have gotten

their bearings, found their objectives, and selected their material, the

task still remains to organize this material so the best possible results

may be obtained. Much excellent work has been done to aid them in

this respect. The most obvious of such work is seen in the appear-

ance of such courses as General Science and Biology, which have, to a

great extent, replaced the traditional courses in physics, zoology, physical

geography, etc. That such courses are better adapted to meet the science

needs of many individuals is amply illustrated from their general success.

But it seems neither necessary nor desirable to eliminate the traditional

science courses from the curricula of our secondary schools. They have

much to contribute to the keener minds of that school population, wholly

aside from their professional preparatory values. What the status

of the various science courses shall be is again a question which only

time can answer but we may feel fairly sure that they will gradually

find their places very much in relation to their contributions to the above

list of objectives. But whatever the science courses are that find their

place in our secondary school programs, the material used will, in each

case, require organization of a definite so-called unit type to give the

best results.
10 Some very interesting experiments are being carried on

along this line and already we have a few textbooks11 written from this

new point of view. 12

I have attempted, in the foregoing, to show how individuals who
specialize in science in our colleges and universities are likely to find

themselves in a predicament when they take to teaching science in a

secondary school. To fit in with their work, they must undergo many

8 Curriculum Construction. W. W. Charters. Macmillan Co., N. Y., 1924. Chap-

ters II and III.

9 How to Make A Curriculum. F. Bohbitt. Houghton Mifflin Co., Boston, 1924.

Chapter VIII.
10 Morrison, H. C, loc. cit.

11 Everyday Problems in Science. Pieper, Ch. J. and Beauchamp, W. L. Scott

Foresman & Co., Chicago, 1925.

"General Science, Bowden, G. A. P. BlakjsWs Sons & Co., Philadelphia, 1923.
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changes, and one can but venture a wild guess at the number that lost

heart and quit in that period of change. Certainly, when the outlook,

ideals, objectives, and methods of such individuals must be so radically-

changed, there seems little they have in common with those who taught

them science in our higher institutions of learning. We may perhaps

here make a distinction by calling our science instructors of the higher

institutions seekers of knowledge and those of secondary schools human-
izers of knowledge. The former has hitherto dominated the world of

science, but the latter is becoming more and more important if science

is to thrive and prosper. The accumulation of new and vital ideas will

do but little good when they are buried in professional literature, for,

in the words of one of our most distinguished scholars,13 "just as long

as we allow these tonic ideas and energizing ideals and creative spiritual

values to be unused in the corners of obscure laboratories, in the far-

from-the-world philosopher's closets, and in the brains of more or less

inarticulate scholars, our common life will be captured by catchwords,

ruled by snap judgments, and rifled by special interests." That such is

actually the case, the recent Scopes trial in Tennessee and similar hap-

penings elsewhere, bear ample evidence.

"The humanizing of knowledge" then comes to be a special form of

science work, and it is in that special form of science work that our

science teachers in secondary schools should make it their particular

business to excel. Although some might hold that this is not science in

any real sense of that word, there are others who think that "devices and

inventions which relate to the putting together of facts should rank in

importance with the discovery of the facts themselves."14 Certainly,

within the field of science teaching in secondary schools there is plenty

of opportunity to exercise one's ingenuity with regard to such devices

and inventions. But why worry about the particular scientific status of

the generalist? Let him prove his worth as time goes on. The fact we
need to worry about is that the tendency is for the best minds of science

to be drawn into research in some highly special and technical field. That

is, these minds are practically drawn away from contact with our every-

day world. Either science must encourage some of its better elements to

act as interpreters, as new Huxleys, or it stands in danger of losing

that contact with the world which alone can counteract such outbreaks

of intolerance as we see about us, and which may prove the most serious

enemy to science itself.

We are all interested in the success of science, and we now have the

opportunity of shaping the attitude of the coming generation toward
science. Let us secure the understanding and appreciation of that gen-

eration and the foundation for further advancement has been laid. That
understanding and that appreciation can best be secured through our

science teaching in secondary schools. It is in these schools then that

we should center our efforts, not only to create an understanding and
an appreciation of science and its value to humanity, but also to sift out

13 The Outlook for Western Civilization. Frank, Gl. The Journ. of the Natl. Ed.

Assn. October, 1925. p. 205.
14 The Humanizing of Knowledge. Robinson, J. H. Geo. H. Doran Co., N. Y.,

1023.
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and inspire the future banner-bearers of science—whether they become
specialists or generalists. In our educational field much is done for that

cause, and in our scientific field such efforts should not be met with mere
general approval but with specific co-operation. We can well afford to

direct all good efforts to the end that those individuals who are, by
nature, best fitted for science teaching in secondary schools also become

best fitted through training both in education and science.



Cloud Types 79

CLOUD TYPES.

W. M. Tucker, Indiana University.

The first classification of clouds was proposed by Lamarck, a French

naturalist, in 1801. His classification, which consisted of six types to

which French names were given, was not well received. Two years later

Luke Howard proposed seven cloud types which have formed the basis

of all later attempts at classification. His seven types consisted of

four primary types and three combined types. His four primary types

were cirrus, cumulus, stratus and nimbus. The cirrus cloud he defines

as a thin, fleecy, hair-like cloud ; the cumulus as a lumpy, piled-up cloud

;

the stratus as a layer or sheet cloud; and the nimbus as a cloud from
which precipitation is falling. In 1891 the International Meteorological

Conference in session at Munich adopted a classification which was
proposed by Hildebrandsson and Abercromby, Scandinavian and English

meteorologists, respectively. This classification has been almost uni-

versally used since that time. It consists of 13 types whose names are

derived from Howard's four types except for the introduction of two
terms, "fracto" meaning broken and "alto" meaning high. The 13 types

according to this classification are cirrus, cumulus, stratus, nimbus,

cirro-stratus, cirro-cumulus, strato-cumulus, cumulus-nimbus, alto-stratus,

alto-cumulus, fracto-stratus, fracto-cumulus and fracto-nimbus.

Milham1
in commenting on this classification suggests 11 other pos-

sible combination names among which is strato-nimbus, but states that

they are all impossible combinations, redundant or unnecessary. It

seems that there should be a question as to whether the strato-nimbus

should be omitted. Milham states that this type name is unnecessary

because the nimbus cloud is in the form of a layer. However, he defines

the nimbus cloud as "a dense, dark sheet of formless cloud from which

precipitation is falling. It is widely extended and when breaks occur an

upper cloud area is usually seen." 2 In the same discussion of the nimbus
cloud he states the methods of formation which he lists as (1), (2) and

(3). In a discussion of these methods 3 he explains method (1) as a

case in which layers of air within two miles of the earth surface move
laterally from a warmer to a cooler region and states that the stratus

or nimbus type of cloud is formed. Method (2) he explains as a case

in which convection causes air-cooling thus causing condensation. He
cites the thunderstorm of summer afternoons and thunderstorms over

small islands as examples and states that the cloud form is always some
form of cumulus. He does not refer to the nimbus cloud except that

he uses the term "thundershower." Method (3) is explained as a case

in which air is cooled by being forced to rise and he cites the two

1 Meteorology by W. I. Milham, 1921, p. 219.

2 Idem, p. 222.
3 Idem, pp. 233-37.
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circumstances of air passing over mountain areas and of air ascending
at the cyclonic centers as examples. He does not mention the cumulus
cloud in this discussion but does mention the nimbus and stratus.

Thus there seems to be some inconsistency in Milham's discussion
of the nimbus cloud. He states that it is a sheet but formless. He also

states that the term strato-nimbus is unnecessary because the nimbus is

always in the form of a layer. Again, he says that the nimbus cloud
may be formed by convection but that convection always forms the cumu-
lus type of cloud. By careful reading it seems that he has a nimbus cloud
sheet underlying the cumulus cloud base and that the rain is falling from
the nimbus cloud. Alexander McAdie in his Cloud Atlas 4

defines the

nimbus cloud in almost the same language as Milham but uses the ex-

pression "dense masses of dark formless cloud" instead of "dense, dark
sheet of formless cloud". He also seems to have the idea of a formless
form of cloud which is neither cirrus, cumulus nor stratus from which
the rain falls. He accepts and defines the 13 types adopted by the In-

ternational Meteorological Conference except that he includes the three

fracto types under the main type form r> thus reducing 13 types to 10.

Willis L. Moore in his Descriptive Meteorology 5 ignores the nimbus
cloud entirely and lists the three type forms of Howard and four com-
bined forms. J. Warren Smith in his Agricultural Meteorology 6 ignores

the nimbus cloud in his discussion of cloud types but defines it at the

end of the discussion as any cloud from which rain is falling and says

that it is sometimes considered as a fourth type. McFall Kerby in his

semi-popular article, "Toilers of the Sky" 7 recognizes the nimbus cloud

and defines it much as McAdie has done.

Charles F. Brooks, in his article "Cloud Nomenclature" 8
first quotes

verbatum the definition of the nimbus cloud from the International Cloud

Atlas and then discusses this definition at length. This definition follows

very closely the definition of McAdie and Milham but varies by calling

it "a thick layer of dark clouds, without shape and with ragged edges".

Brooks then expresses his opinion that the test of the nimbus cloud is not

that precipitation is falling from it but that it is dense and ragged.

This is an entirely new conception except that it is hinted in Milham's

treatment and later in McAdies's, both later publications than Brooks'.

Brooks says that steady rain or snow may be falling from a cloud which

is not nimbus and that there may be rainless nimbus.

This apparent inconsistency on the part of authorities is confusing

to the elementary student and to the layman. In no discussion has the

basis of classification been distinctly stated but is usually intimated to

be the basis of form. There is no question that the cirrus, cumulus and

stratus types could be considered as differing in form although there

may be other differences. Some authorities seem to consider the nimbus

cloud as a formless form of cloud which means that it has form but so

4 McAdie, Alexander, A Cloud Atlas, 1923, p. 11.

5 Moore, Willis L., Descriptive Meteorology, 1910, p. 193.

n Smith, John Warren, Agricultural Meteorology, 1920, p. 11.

7 Kerby, McFall, Toilers of the Sky, National Geographic Magazine, August. 1925.

163-89.

8 Brooks, Charles F., Cloud Nomenclature, Monthly Weather Review, September, 1920,

513-19.
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indefinite that it cannot be designated. Brooks seems to undertake

to clear up this matter by stressing the raggedness and density. The
idea that a nimbus cloud underlies the usual stratus and that the rain

comes from it does not seem feasible. If a cyclonic center is over Ohio

and the southern edge of the cyclonic area reaches over the Gulf of

Mexico the winds blow from the gulf toward the center and are cooled

by passing into a cooler region. These winds may be clear in Alabama
but by cooling below the dew point in Tennessee become cloudy. The
cloud particles carried onward by the wind grow larger and in Kentucky,

become large enough to fall, first in small quantity, but as the cooling

continues, in copious and continuous rain at Cincinnati. If the wind is

brisk this cloud mass becomes the typical rain cloud which in Tennessee

was a typical stratus cloud and the only difference seems to be that the

particles became larger, large enough to fall. However there is another

difference, that the falling water tends to drag the cloud mass downward
with it and makes the lower surface appear ragged while in the stratus

cloud of Tennessee the under side seems to be smooth.

This tendency to drag the cloud mass downward is also noticeable

in the typical cumulus or thunder cloud when rain begins to fall. In this

case the friction of the falling water is sufficient to reverse the rising air

currents and cause the movement to be downward where the copious

rain is falling. This destroys the typical flat base of the cumulus cloud

and makes it appear ragged. However, the idea that the rain originates

in this ragged undercloud in either case seems absurd for the ragged-

ness is caused by the rain which started falling from the typical stratus

or cumulus and continues to fall therefrom. Nevertheless, this ragged

undercloud seems to be the typical nimbus of certain authorities and is

simply the lower surface of the cumulus or stratus which has been

distorted by falling rain, which has caused sinking air currents where

the rainfall is heaviest. The reason this depressed cloud material does

not descend to the surface of the earth in the case of most clouds is that

the relative humidity is usually far below 100 per cent while it is rain-

ing and the tenuous cloud material evaporates as it descends, and since

the rate of evaporation is unequal at different points this adds to the

irregularity produced by the downward air movement. In some cases

it does descend to the earth and envelopes it in so called fog, through

which the rain still falls.

In view of the foregoing discussion it seems that the basis for cloud

classification should be form which is dependent on air movement and

altitude. On this basis there should be three or four type forms, stratus,

cumulus, cirrus and probably nimbus. Stratus cloud is formed in sheets

or layers at comparatively low altitudes by lateral air movements or

by air radiating heat without movement. Cumulus cloud is formed in

domes, columns or towers at comparatively low or middle altitudes by

vertical upward movements of air. Cirrus cloud is formed into a great

variety of forms by mixing of air at high altitudes. Nimbus cloud, if

considered as a type form, is formed by downward movements of air

where rain is falling at low altitudes.

After these type forms are familiar to the observer he can begin to

recognize combined forms and should be free to coin his own names

6—35508
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according to the importance of the types in the combination. The type

on which emphasis is desired should be named last and end in "us" and
the less important should precede and end in "o". Thus if a cirrus cloud

has a dome shape it should be designated as a cumulo-cirrus cloud and a

thundercloud which has cirrus about its crest should be designated as a

cirro-cumulus cloud.

If the nimbus cloud be considered as a cloud from which precipita-

tion is falling, as it seems to be considered by most authorities, then it is

necessary to classify clouds on the basis of whether or not precipitation is

occurring. On this basis there will be two types, one from which pre-

cipitation is occurring and one from which precipitation is not occurring.

The former has been suitably named "nimbus" from the Latin "nimbi"

meaning rainstorm or cloud. The latter has never been named but

should be because a partial classification is unscientific. It would seem

to be appropriate to call this cloud "aridus" from the Latin "aridus"

meaning to be dry.



Condensation of Water Vapor

FORMS OF CONDENSATION OF WATER VAPOR. 1

W. M. Tucker, Indiana University.

Water, chemical PLO, exists in the three ordinary states of matter

at the usual earth temperatures. Under normal air pressure at sea

level the solid state can only exist below the temperature of 32° F. and
the liquid state between the temperature of 32° F. and 212° F. The
gaseous state, water vapor, may exist at any earth temperature. It

is transparent, odorless and tasteless. It is about five-eighths as heavy
as dry air under the same conditions of temperature and pressure.

Each of these states can be transformed into each of the others. The
change from liquid to solid is called freezing, from solid to liquid melting,

from liquid or solid to gas evaporation and from gas to solid liquid

condensation.

The amount of water vapor which will saturate a given space varies

directly with the temperature. A cubic foot of saturated space or air

at 32° F. contains 2.113 grains and at 100° F. 19.766 grains. In general

the capacity of space or air for water vapor doubles with each 20° F.

increase in temperature. The following table shows the capacity for

water vapor of space or air in grains per cubic foot from 10° to 104° F.

Grains of Water Vapor In a Cubic Foot of Saturated Air or Space at

Various Temperatures

Fahr. Fahr. Fahr. Fahr.

34° 2.279

36° 2.456

38° 2.646

40° 2.849

42° 3.064

44° 3.294

46° 3.539

48° 3.800

50° 4.076

52° 4.372

54° 4.685

56° 5.016

10°... 776

12°... 856

14°... 941

16°.... ...1.032

18°... ...1.128

20°..

.

... 1 . 235

22°..., ...1.355

24°... ...1.483

26°..
.

.

. ..1.623

28°..
.

.

. .1.773

30°.... ...1.935

32°..

.

...2.113

58°..
. . . . .5.370 82°.. . ...11.626

60°.
. . . .. .5.745 84°... ...12.356

62°...
. ... 6 . 142 86°... ...13.127

64°.
. . . .. .6.563 88°... ...13.937

66°... ....7.009 90°... ...14.790

68°... .... 7 . 480 92°.
. . ...15.689

70°..

.

. ... 7 . 980 94°... ...16.634

72°... ....8.508 96°... ...17.626

74°... . . ..9.066 98°.
. . ...18.671

76°... ....9.655 100°... ...19.766

78°... ...10.277 102°... ...20.917

80°...
. . .10.934 104°... .. .22.125

The absolute humidity of air is the amount of water vapor which

the air contains and is measured in units of weight per unit volume,

usually in grains per cubic foot or in grams per cubic meter. Thus,

air at 60° F. may contain 5.745 grains, which is its capacity at

that temperature, or any amount less than that. Usually air does not

1 The object of this paper is not to present new facts concerning the topics under

discussion but rather to bring out interrelations and organization among a group of

topics which are usually treated as more or less unrelated.
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contain as much water vapor as its capacity permits. Relative humidity
is the ratio between the amount of water vapor which the air holds and
its capacity at the existing; temperature, and is expressed in per cent.

Thus, air at 60° can hold 5.745 grains of water vapor but may be hold-

ing only 3.8 grains, in which case the relative humidity is 3.8/5.745 equals

.66 or 66 per cent. Thus, the formula for finding relative humidity when
the absolute humidity and capacity are known is:

Absolute humidity— — — equals relative humidity if expressed in hundredths
Capacity

or per cent. A/C=R.
Air is said to be saturated when it contains all the water vapor

which it can hold. From the foregoing discussion and table it appears

that air at 60° containing 3.8 grains, if cooled, will be saturated when
the temperature reaches 48°. This temperature is called the dew point.

The dew point of air is the temperature at which saturation occurs

and depends upon the absolute humidity. If air is cooled below the dew
point some of the water vapor is forced out as liquid or solid particles.

This process is known as condensation. Condensation is the process by
which water vapor is changed to liquid or solid form.

As condensation occurs from air it may occur on solid surfaces

with which the air is in contact or it may occur in the open air. Some
authorities state that condensation can only occur in open air in which

foreign particles are floating and that these foreign particles act as

nuclei for the condensation. Whether this be entirely true or not it is

well known that many fog droplets and rain drops do contain particles of

foreign matter. To an observer of condensation the position at which

it occurs has led him to apply different names to exactly the same form.

Thus very small particles of liquid condensation is called dew if it occurs

on solid surfaces, fog if at low altitudes about him and cloud if at

higher altitudes. Other forms are likewise distinguished and will be

noted later.

As condensation occurs in air whose dew point is above 32° it results

in liquid particles and when below 32° it results in ice crystals. These

ice crystals are always in feathery form well known in snow flakes and

frost particles. In contrast, ice formed from freezing liquid water is

glassy although it also has crystalline structure. Thus it is easy to

determine whether any ice observed is formed from condensation of

water vapor or from freezing liquid water. The marked contrast

between particles which condense above and below 32° has given rise to

a variation in name of otherwise similar forms. For example, a snow

flake and rain drop differ only in this particular.

The amount of condensation which takes place at a given time in a

given amount of air determines the size of the condensed particles for the

particles grow in size as the condensation continues. Since the specific

gravity of water or ice is many times that of air it is imposible for still

air to sustain either indefinitely. However, when the particles first begin

to form, their mass is so small compared to the surface exposed that they

apparently float although there must be a gradual settling of the par-

ticles. As the particles continue to grow larger the mass increases more

rapidly than the exposed surface and the tendency to settle becomes more
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pronounced. As the particles grow still larger the downward motion

becomes distinctly apparent and they are considered as falling. Thus

condensed particles appear to either float or fall and this distinction has

given rise to a variation of names for otherwise similar forms. For

example, a rain drop differs from a liquid cloud particle in this particular

only. When condensed particles fall the process is called precipitation

and the resultant deposit upon the earth is also called precipitation or a

precipitated form. Thus rain is precipitation or a precipitated form.

From the foregoing discussion it appears that there are three pri-

mary conditions which have led to the variation in names of condensed

forms. They are, first, the position at which the condensation takes

place, whether it be on solid surface, at low altitudes about the observer,

or at higher altitudes; second, the temperature of condensation, whether

it be above 32°; and third, the size of the particles whether they are

small enough to float or large enough to fall. In view of these con-

siderations, the water forms which appear from the air in the succes-

sion of weather conditions should be divided into a primary group and a

secondary or derived group. The forms in the primary group are those

which result directly from condensation and the forms in the secondary

group are those which are derived from the primary forms by change

of state or other modification. The primary forms are cloud, rain,

snow, fog, flying frost, mist, dew and frost. The secondary forms are

haze, hail, sleet, glaze, pellet snow, frozen dew and columnar frost.

Thus the definition of primary forms becomes very simple for it is

only necessary to state the conditions under which the condensation takes

place. Cloud is condensed at higher altitudes, either above or below 32°,

in particles small enough to float. Rain is condensed at higher altitudes,

above 32°, in particles large enough to fall. Snow is condensed at higher

altitudes, below 32° in particles large enough to fall. Fog is condensed

at low altitudes, above 32°, in particles small enough to float. Flying

frost is condensed at low altitudes, below 32°, in particles small enough

to float. Mist is condensed at low altitudes, above 32°, in particles large

enough to fall. Dew is condensed on solid surfaces, above 32°. Frost

is condensed upon solid surfaces, below 32°. No name has been applied

to the form which is condensed at low altitudes, below 32°, in particles

large enough to fall although on very cold mornings the form called

flying frost often has a distinctly downward drift and accumulates on the

earth surface.

The secondary forms can be defined by reference to the primary

form from which they are derived or by description. Sleet is rain

which freezes as it falls. Glaze is rain which freezes as it strikes solid

surfaces. Since these two forms usually occur together they are

popularly called sleet. The storm from which these two forms, or the

latter only, are precipitated is called ice storm by the U. S. Weather
Bureau. Pellet snow is snow which has partially melted and refrozen

as it falls. Frozen dew is dew which has frozen. Columnar frost is

partially primary frost and partially ice formed by the freezing of

capillary water as it emerges from the earth pores. The feathery ice is

primary frost and the glassy ice is frozen water. Haze, in so far as it

is condensed water vapor is a primary form of very thin cloud or fog
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but is very commonly only dust or smoke in the air. Hail stones are

composed of alternate concentric layers of glassy and feathery ice. The
feathery layers are of primary form but the glassy layers are partially

condensed above freezing and partially melted from the underlying

feathery layer and this combination afterward frozen. This peculiar

form is developed at high altitudes where strong convection currents

of air alternately carry the growing stone above and below the freezing

line in a region where condensation is going on. When it is in a region

below freezing a layer of frost forms on its surface and when it passes

into the region above freezing part of this frost melts and some dew
accumulates with it. This is frozen when the stone passes again into

the lower temperature. The number of times which the stone is carried

above and below the freezing line determines the number of layers which

compose the stone.
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SOME GEOLOGICAL FEATURES OF WAYNE COUNTY,
INDIANA.

T. M. Bushnell, Purdue University

Agricultural Experiment Station.

One of the by-products of soil survey work is a certain amount of

geological information. Such miscellaneous observations are omitted

from soil reports, so are recorded here along with geological inferences

drawn from soil data.

The glacial map of Indiana by Frank Leverett; a similar map by

C. A. Malott and work done on the terraces of Wayne County by A. D.

Hole and Earlham College students were all helpful to the men making
the soil survey of that area.

BL00M1NGTON MOT^INiC SYSTEM (MALOTT]
>M0RF11NES "DEPOSITED ON LflND (LEVER ET7)

>SHELBYVILLE M0-RFIIN1C SYSTEM IMRLOTT J

UNDULRTING DRIFT, IN ?F\RT rWRlNlC UEVET\ETT)

fcSsJI GROUND HOTLINE OF TLLL PLRINS ( LEVERETT)

| |
CHRNNELS OF GL^Cl^L P^RIN^E ( LEVE-RETT)

Fig. 1—Geological map of Wayne County, Indiana.
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Figure 1 is enlarged from maps on plate VI, Monograph LIII,
U. S. G. S., by Frank Leverett and plate III by C. A. Malott, facing
page 106, Handbook of Indiana Geology.

Figure 2 is a sketch illustrating some of the geological features
which can be deduced from the Wayne County soil maps, which, when
published will show soil conditions in great detail.

Fig. 2—Some Geological Features of Wayne County. (Figures are explained in text.

Sketch based on Soil Map.)

The numbers on figure 2 are explained in the following notes.

1. Till, composed chiefly of silts and clays. The moraine shown
in figure 1 along the northern border of Wayne County has been cor-

related with the Bloomington moraine system and is regarded as the

outer border of the Early Wisconsin Drift. However, no soil difference

was detected between this moraine, the undulating drift and the ground
moraine belts over most of Wayne County.

2. Till—heavy material, quite similar to that in 1, when un-

weathered layers are compared. However, there is great difference in

degree of weathering as shown by differences in comparable soil types.

In No. 1 the depth to carbonates is about 20 to 40 inches below the

surface. In similar topography, the carbonates in No. 2 are found

45 to 80 inches below the surface.

The change from 1 to 2 takes place in less than one-half mile and

seems to cross the country regardless of topography, moraines, etc.

The conclusion may be drawn that No. 2 has been weathered nearly

twice as long as No. 1 and that this time interval may mark the break

between the "Early" and "Late" stages of the Wisconsin glaciation;

also that the moraine across northern Wayne County is not the outer

border of the Late Wisconsin as the carbonates have been reached no
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deeper in southeastern Wayne County than in Adams and Hancock
counties.

It may be noted that soil study in certain other counties supports the

idea here presented and future soil surveys will further trace this line

of change. It is to be hoped, however, that geologists will critically

examine the idea that depth to carbonates in calcareous till is a more
reliable indication of geological age than distribution of moraines.

3. First bottoms and terraces along valleys of the Whitewater and
its tributaries.

Practically all of the gravel in Wayne County is associated with

these valleys—only a few pits being found in No. 1 (till).

Note that seven glacial channels enter Wayne from Randolph County,

rather than only four mentioned by F. J. Breeze. 1 Apparently some of the

seven arise on the moraine, rather than north of it in Randolph County.

Within Wayne County the glacial valleys increase abruptly in

width at several points. While small local tributaries enter at these

points, it may be that the enlargements were formed by streams flowing

off the ice in glacial times.

Three distinct levels of terraces are frequently found in the valleys.

The highest levels are often weathered four or five feet deep, the in-

termediate levels average three or four feet and the lowest about two

or three feet. The underlying gravels are about the same in all three

and the depth and degree of weathering is some measure of their ages.

This porous material doubtless weathers more rapidly than heavy till,

so depths of weathering cannot tell relative age of the terraces and till

uplands.

4. This number indicates flatfish areas occurring at high levels near

the Whitewater River near Richmond. In some cases they are distinct

abandoned valleys cut through till down to bed rock. The valley floors

may be rock within a few feet of the surface, or gravel beds on rock, or

thin till on gravel with rock not far below. More recently canyon-like

valleys have been eroded through the bed rock.

5. Here are found abandoned waterfalls in the abandoned valleys.

The more northern location may once have been a cascade over one

quarter of a mile wide but the site is now occupied only by the head of

Short Creek which drops over a falls a few feet wide and ten feet

high. The more southern spot marked 5 apparently was the site of twin

falls 30 or 40 feet high in one of the highest abandoned valleys of the

region.

6. The Asylum Plain. This region will appear on the soil map with

types normal to till plains, but the land seems to be like a valley between

higher areas of till north and south of it. There is some evidence of

assorted materials beneath this plain. The plain lies at about the same
level as the high abandoned valleys. It is traversed by a channel in

which drainage starts in the edge of Noland Fork Valley and passes

into the East Whitewater below Richmond. This suggests that Noland

Fork formerly may have followed that course. On the other hand, the

directions of the valleys of the three main creeks which converge north

1 Abandoned Channels in Randolph and Delaware Counties, Indiana. Proc. Ind.

Acad. Sci., 1922, p. 96, fig. 1.
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of Richmond, coupled with the narrowness of the Whitewater Valley

at Abington, and greater width of the valley-like "Asylum Plain" lead-

ing to the broad Noland Fork Valley suggests the possibility of an
early outlet of the drainage above Richmond towards the west.

7. The Centerville section is marked by soil conditions suggestive

of complicated glacial history, with perhaps some assortment of

materials.

8. This area seems in some degree a continuation of conditions

found on the Centerville slope. It is basin-like and contains some as-

sorted and stratified deposits. It seems to lie between Early Wisconsin

hills on the west and Late Wisconsin on the east.

9. Areas mapped as terrace, but showing some signs of till mate-

rial. The larger area marks a great constriction in the bottoms of

Greens Fork.

10. An area in the terrace of Martindale Creek marked by many
depressions while immediately north and south of it the terrace surface

is smooth.

11. West of this point Martindale terraces rise almost to the level

of the till divide. The change from valley to upland is hardly discernible

and is marked by soil change rather than topography. Apparently a rise

of a few feet more of glacial floods would have put the Martindale

waters over the divide into the lower lying Greens Fork valley.

The interpretations given in these notes of the various features

observed, are not to be regarded as final solutions but rather sign posts

pointing the way to a region full of interesting problems for geologists

to solve.



Geology of Hancock County 91

NOTES ON THE AREAL GEOLOGY OF HANCOCK
COUNTY.

W. E. Tharp, Bureau of Soils, U. S. Department of Agriculture.

Throughout the greater part of Hancock County, the superficial

members of the Wisconsin drift are composed of silt and clay, with a

variable, but rather low proportion of sand and stony material. As
revealed in excavations for buildings, deep ditches and exposures along

the creeks, the slightly altered till is a light grayish yellow, or yellowish

gray silty clay, hard and firmly cemented but not compact. It tends on

incipient weathering to develop irregular joint plains, and to separate

into rather rudely angular fragments, while the immediate surface of

exposures assumes a fine crumbly condition. The unaltered material

possesses a considerable degree of porosity, due perhaps, to the inclusion

of some coarse sand, and the flocculating effect of lime upon clay. This

may account for the brownish and yellowish stains observed in fresh

excavations 10 or 12 feet deep. This till is certainly less dense than

some of the late Wisconsin drift of southern Steuben and northern

DeKalb counties, where soil surveys revealed heavy, light colored till as

the parent material of silty soils, which have very heavy subsoils.

In this heavy Hancock County drift, limestone fragments, bits of a

dark, thinly laminated shale, and fine grained sandstone are quite

abundant, as well as a considerable variety of harder minerals, in which

quartz and chert predominate. Large coarse grained granites are not

common, nor are gneisses and schists much in evidence, either as

boulders or small stones. Free lime has very generally been leached from
the clayey till to a depth of 30 or 40 inches, and to slightly greater

depths, wherever the materials have a sandy texture.

With the exception of Blue River, the streams are either im-

proved ditches or only fair sized creeks, with north-south courses. Above
Greenfield the Brandywine of "Old Swimming Hole" fame is little more
than a big natural ditch struggling to create a little real alluvium of

its own. Below the town it assumes the dignity of a small river, chiefly

by reason of having inherited a ready-made valley. Leverett expresses

the opinion that this valley is the lower part of that great glacial water

course extending from Grant County straight southward across all

present day divides and stream valleys nearly to White River. Just

below the entrance of Brandywine Creek into this old glacial waterway,

there are gravel terraces to the east of the Brandywine, which are far

more extensive than any others along its entire course. These gravel

deposits seem to block the entrance to another glacial valley, extending

southeast to Blue River. If the Brandywine could cut through these

terraces it would have a ready-made short course of about four miles

to Blue River, instead of its present one of about 15 miles.
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Another of these abandoned lines of glacial discharge parallels

Sugar Creek from a point below the National Road to the southern

boundary of the county. Its northern end has been captured by Sugar
Creek and is being brought into topographic adjustment with the rather

deep valley of the creek.

A number of other ancient valleys are easily traceable on our soil

map. They have a direct course and comparatively uniform width, which
is in striking contrast with the erratic wanderings and the irregular out-

lines of the purely structural depressions. In all instances these old time

waterways have gravelly bottoms, upon which from three to six feet

of dark, rich soil has accumulated.

Terraces, composed of glacial gravels occur on each of the streams

with the exception of Nameless Creek. On its upper course, which is

little more than a winding ditch, gravel underlies its channel and deep

pits furnish much good road material. Below the National Road, the

stream has entrenched itself to a depth of 50 to 100 feet in heavy clayey

till, with a few accumulations of gravel against their lower slopes.

Down in the extreme southeast corner of the county, "where the

bonnie Blue River flows on forever", valley making has progressed

so far that in this region there is an assemblage of physiographic

features, and a variety of topographic forms found nowhere else in the

county. Without serious impairment of agricultural values, the succes-

sion of alluvial plains, level terraces, and rugged uplands, affords a

relief from the somewhat monotonous expanse of till plains of the sur-

rounding country.

Evidently this section of the Blue River Valley is carved in a deep

deposit of heavy till. The steep clayey hills on the south side rise 100

feet or more above the floor of the valley, while on the southern side,

beyond the gravelly terraces, similarly heavy clays and silts compose the

uplands.

Two quite distinct series of terraces may be observed in this part

of the valley. The older lies against the southern hills at an elevation

of 30 to 40 feet above the alluvial plain, while the younger benches are

considerably lower, but so irregular in extent and variable in eleva-

tion, that the lower areas are little more than gravelly swells on the

present flood plains.

Of course all these benches mark various stages in the earlier

history of these streams. To trace them from their limited development

on the upper reaches of the little valleys in Hancock County to

their wide expanse on the lower Blue River plains of Shelby County

would be an interesting task, but this was quite beyond the opportunities

afforded by the present soil survey.



Glacial Boundary in Indiana 93

THE GLACIAL BOUNDARY IN INDIANA.

Clyde A. Malott, Indiana University.

This paper is chiefly a review of the work done on the determina-

tion of the Illinoian glacial boundary and the character of the drift

border in Indiana. The paper comes as a result of some recent observa-

tions on the drift border in Brown and Jackson counties, Indiana, where
the boundary line is somewhat indefinite.

Previous to 1876, few or no efforts had been made in the United

States to definitely locate the southern limits of the Pleistocene drift

sheets, but during that year and later considerable attention was given

to the phenomena and significance of the terminal moraine. One of the

first maps to appear showing the outer margin of the glacial drift was
by T. C. Chamberlin, 1 published in 1879. This generalized map, bear-

ing the date of 1878, shows the approximate boundary of the glacial

drift across the several states from Long Island to Montana. The
boundary is shown as entering Indiana from Ohio, near Lawrenceburg
and passing directly southwest across the state, crossing the Wabash in

the vicinity of New Harmony. The glacial boundary across the north-

eastern part of the United States as it is now recognized is shown in

figure 1.

Fig. 1—Glacial boundary in the northeastern part of the United States. Indiana

is located in a middle position near the southern margin of the great glaciated part

of northeastern United States. Note that the most outstanding irregularity occurs in

southern Indiana.

1 Chamberlain, T. C, On the Extent and Significance of the Wisconsin Kettle

Moraine, Trans. Wis. Academy of Sciences, vol. IV, 1879, pp. 201-234.
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The more careful tracing of the outer margin of the drift was
initiated by George H. Cook and John C. Smock, of the New Jersey

Survey. The boundary line was traced westward from New Jersey

across Pennsylvania by H. C. Lewis and G. F. Wright, in 1881. During
the summers of 1882 and 1883 Wright, under the auspices of the

Western Reserve Historical Society, Cleveland, Ohio, traced the boundary
line across Ohio and Indiana, and in the next two summers, under the

direction of the U. S. Geological Survey, continued his work on the

boundary line, mapping it across southern Illinois and reviewing his

previous work in Pennsylvania and Ohio.

Fig". 2—Glacial boundary in Indiana according to Chamberlin 1883, and Wright

1884 and 1889.

In the meantime, Chamberlin 2
in 1883 published a paper in which

occurs a map showing the "approximate limit of drift". This boundary

line is an incidental feature of the map and is not discussed in the text

of Chamberlin's paper. The boundary is indicated as entering Indiana

near Lawrenceburg and passing southwest north of Madison, thence

northwest into southern Brown County, thence southwest through

western Lawrence County, through Jasper in Dubois County, and thence

continuing southwest, crossing the Wabash River into Illinois, west of Mt.

Vernon. (See figure 2.)

2 Chamberlain, T. C, Preliminary Paper on the Terminal Moraine of the Second

Glacial Epoch, Third Ann. Rept., U. S. Geol. Surv., 1883, pp. 299-402.
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The following year, 1884, Wright3 published the results of his work
in tracing the glacial boundary westward to the Wabash River. The
boundary line is traced across Ohio and into Kentucky above Cincinnati.

Passing south of Cincinnati, it "recrosses the Ohio entering Indiana a

little below Aurora. In Indiana the line continues to bear in a southerly

direction through Ohio and Jefferson counties, grazing the edge of

Kentucky again opposite Madison, and reaching its southernmost point

near Charleston in Clark County, Indiana. From here it bears again

to the north through Scott and Jackson counties to the line between

Bartholomew and Brown, and follows this to the northeast corner of

Brown. There again it turns to the southwest, touching the northeast

corner of Monroe, where it again bears north for ten miles to near

Martinsville in Morgan County. Here again the line turns to the west

and south, passing diagonally through Owen, Greene, Gibson, and Knox
counties, and in Posey as far as New Harmony".

The maps published by Wright in 1884 are the first which repre-

sent an actual tracing of the boundary in Indiana. This boundary line

of Wright's is shown in figure 2 of this paper.

Fig. 3—Glacial boundary in Indiana according- to Leverett 1897 and 1899-1902.

3 Wright, G. F., Results of Explorations of the Glacial Boundary between New
Jersey and Illinois (Abstract), Proc. Amer. Assoc. Adv. Sci., vol. 32, 1884, pp. 202-208;

The Glacial Boundary in Ohio, Indiana and Kentucky, Western Reserve Historical

Society, Cleveland, Ohio, 1884, 86 pages.
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In 1889 Wright published his book, "The Ice Age in North America".
This book went through several editions, the last of which was published
in 1911. In the first edition, pages 120 to 165 are devoted to the

"Boundary of the Glaciated Area in North America". Here detailed

maps by states show the glacial boundary from Nantucket Island to

the Mississippi River. The glacial boundary in Indiana is given on a
map on page 143. It is somewhat different from his 1884 map. (See
figure 3.) In the text the boundary line is discussed in a single para-
graph on page 142. "Through Indiana the glacial boundary, after follow-

ing the Ohio River to within ten or twelve miles of Louisville, Ky.,

suddenly bends to the north, leaving a large triangular portion of the

state unglaciated. The base of this unglaciated triangle extends from
Louisville to the Illinois line, and its apex is about thirty miles south

of Indianapolis. The exact course of this part of the boundary is along

a line running from the neighborhood of Louisville northward through
Clark, Scott, Jackson, Bartholomew, and Brown counties to Martinsville

in Morgan County, where it again turns west and south parallel with

and west of the West Fork of White River through Owen, Greene, Knox,

Gibson, and Posey counties, crossing the Wabash River into Illinois near

New Harmony, the seat of Owen's celebrated socialistic experiment."

Wright's work on the glacial boundary and the drift border

phenomena under the direction of the U. S. Geological Survey during the

'80's led to the publication of Bulletin 58 of the U. S. Geological Survey

in 1890.4 In this official publication but little more is presented than had
previously been published by Wright. The criteria by means of which

the glacial boundary was determined are discussed in some detail. The
boundary across Indiana and the character of the drift adjacent to the

boundary are discussed on pages 65 to 70. A map of southern Indiana

showing the drift boundary is presented on page 65. This map is

essentially like his 1889 map, but lacks the precision of the latter in

that the county outlines are omitted. The drift border and adjacent drift

phenomena are given in some detail under county headings. He notes

that till occurs as far south as Charleston, Clark County. No till or

boulders extend west of the Knobstone escarpment south of the Muscata-

tuck River. He notes till and boulders along the face of the Knobstone

escarpment in northern Jackson and southwestern Bartholomew counties

to within 200 feet of the crest. Apparently northern Brown County was
partly covered by glacial ice, as large boulders occur south of the high

divide between Bean Blossom and Salt creeks. Till is mentioned as

occurring at Needmore in Brown County. Monroe County is regarded

as free from glacial deposits except in the extreme northeastern corner.

On the western side of the re-entrant driffless area in Indiana, Wright

does not follow so closely the boundary line as it was later determined.

Wright's line is drawn west of the West Fork of White River south-

west from Martinsville, whereas the line as later determined lies several

miles east of this stream.

Before Wright's work on the glacial boundary was completed, studies

had been initiated which had for their objective the determination of the

4 Wright, G. F., The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky,

Indiana and Illinois, with an Introduction by T. C Chamberlin, Bulletin 58, U. S.

Geological Survey, 1890.
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history of the glacial period. These studies took up the details of the

structure and stratigraphy of the deposits and the relationships of the

form phenomena characterizing continental glacial deposits. The work
of Chamberlin, Salisbury, Upham, Leverett, Hobbs, Taylor, Alden, and
others has clearly revealed the structure, stratigraphy, and relationships

of the glacial accumulations, and it has been determined definitely that

a series of ice sheets were formed and were wasted away, one after

the other, and that these several ice sheets are responsible for the vast

glacial deposits within the arms of the Missouri and Ohio rivers south

of Canada. Intensive study was carried on in Wisconsin, Iowa, Illinois,

Ohio, Michigan, New York, and other states. The determination of the

actual limits of the continental ice sheets became incidental in the study,

and gradually the glacial boundary line has been more accurately mapped
than was possible in the first period of study carried on by Wright and
others.

During the late '80's and through the '90's, Frank Leverett carried

on intensive studies in Indiana and neighboring states for the U. S.

Geological Survey. In 1897 his report on "The Water Resources of

Indiana and Ohio" appeared in the 18th Annual Report of the U. S.

Geological Survey, Pt. IV. Plate XXXVI of this report is a double page

map of Indiana and Ohio, which shows the glacial deposits in color. In

the text of the report no attempt is made to give the details of the

glacial boundary, but reference is made to the map. Except in the

southwestern part of the state, from Posey to Martin counties, the boun-

dary line departs but little from his later more accurately determined

boundary. (See figure 3). Leverett notes: "The glacial boundary,

except where touched by the later ice invasion, is seldom characterized

by a definite moraine ridge, and in places is very vague. Indeed, the

earliest or Illinoian ice invasion, so far as its deposits are exposed to

view, had not such a pronounced moraine-forming habit as the later

invasion."

During this same period, C. E. Siebenthal, then of the Indiana

Geological Survey, was carrying on certain studies in southern Indiana.

Incidental with his other work, Siebenthal made accurate observations

of drift border phenomena. In 1897 his description of the drift limit

through Monroe County was published incidental with his part of the

report on the Bedford oolitic limestone. 5 He carefully and accurately

traced the boundary through Greene County. This boundary line is

shown on the map of Greene County appearing as part of "Sheet C"
of Ashley's coal report, published in 1899. 6 In this report of the Indiana

Geological Survey, the glacial phenomena of southwestern Indiana are

frequently mentioned, and the glacial boundary is referred to specifically

on pages 1,098 and 1,158, with respect to its location in Dubois and in

Pike counties. Also a brief statement concerning it is given on page
83. On page 66, the glacial boundary is shown on an outline map of

southwestern Indiana, crossing Posey, Gibson, Pike, Dubois, Daviess,

5 Siebenthal, C. E., The Bedford Oolitic Limestone, 21st Ann. Rept., Ind. Geol.

Survey, 1896 (1897), pp. 300-301.
c Ashley, G. H., The Coal Deposits of Indiana, 23d Ann. Rept., Ind. Geol. Surv.,

1898 (1899), p. 776.
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Martin, Greene, and Owen counties. Presumably, Ashley is accountable

for this map, though in the text of the report Leverett is mentioned
in a number of places as having called attention to special glacial

phenomena. The glacial boundary in southwestern Indiana as presented

on this map is almost exactly like Leverett's 1899 map below, and it is

likely that Leverett furnished the data for it.

In 1899, Leverett's monograph on "The Illinois Glacial Lobe" ap-

peared. 7 In this important monograph, the first of a series by the same
author, Leverett gives the details of the Illinoian drift sheet in Illinois

and southwestern Indiana. The border or boundary in Indiana is traced

in considerable detail on the western side of the re-entrant driftless

area. The boundary crosses the Wabash a short distance south of New
Harmony where it passes east and north to near the Monroe-Morgan
county line, the northernmost point of the boundary in Indiana. (See

figure 3.) The determination of the boundary through Greene, Owen, and
Monroe counties is credited to C. E. Siebenthal. This boundary line

of Leverett's in southwestern Indiana, as described on pages 35 to 37

and shown on plates VI, VIII, and IX of his monograph, lies from 5

to 20 miles east of the boundary as mapped by Wright. It departs but

little from boundary lines of subsequent maps.

Leverett's second monograph * on the glacial deposits appeared in

1902. Here the descriptive characteristics and relationships of the glacial

deposits are continued eastward from middle Indiana. On pages 222-223

the border of the Illinoian drift is described as passing southeast from

northern Monroe County to the Ohio River above Jeffersonville, and on

pages 255-257 and 263-267, the character of the drift border and the

structure of the drift sheet back of the border are discussed in consider-

able detail. It is noted that in northeastern Monroe County boulders are

plentiful, but till is scarce. A bulky ridge of stony, almost gravelly

till of brown color is described as rising 60 to 70 feet above the valley

bottom of Bean Blossom Creek at Needmore in Brown County. Till is

banked against the north slope of Bean Blossom Valley, "but the dividing

ridge south of Bean Blossom carries only boulders and occasional thin

deposits of till. The boulders have apparently been rolled down ravines

south of the divide to some distance beyond the margin."

It is noted, also, that the drift border in Salt Creek Valley connects

with a glacial terrace that leads down the valley beyond the limits of

Brown County, and "on the elevated uplands in eastern Brown County

the drift in places is 40 feet thick, but is usually a thin deposit, scarcely

sufficient to form a continuous drift sheet."

"Upon passing from Brown into Jackson County, Ind., the drift

border descends from the Knobstone escarpment southward through

Jackson, northeastern Washington, and southwestern Scott counties into

Clark County. It continues southward in Clark County to the Ohio River

at Jeffersonville, Ind., and there makes an abrupt turn to the east. The

border apparently follows up the Ohio valley about to Bethlehem, Ind.,

7 Leverett, Frank, The Illinois Glacial Lobe. Monogr. 38, U. S. Geol. Survey, 1899.

8 Leverett, Frank, Glacial Formations and Drainage Features of the Erie and Ohio

Basins, Monogr. 41, U. S. Geol. Surv.. 1902.
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25 miles above Jeffersonville, before rising to the uplands south of the

river, thus making a pronounced loop in the Devonian shale basin."

Chestnut Ridge near the drift border in southeastern Jackson County
is discussed in considerable detail. South of Chestnut Ridge in the Scotts-

burg Lowland the drift sheet is practically continuous, but on the

uplands along the extreme border there is in places only a scattering

of boulders to indicate glaciation. It is inferred that south of the

Muscatatuck River the extreme drift border lies along the Knobstone
escarpment until the vicinity of New Albany and Jeffersonville is ap-

proached.

The Ditney 9 and Patoka 10
folios of the U. S. Geological Survey

appeared in 1902 and 1904 respectively. The areal geology maps of

these two folios show in color the detailed geology of about 1,650 square

miles in southwestern Indiana, embracing portions of Posey, Vanderburg,
Warrick, Spencer, Gibson, Knox, Pike, and Dubois counties. The Patoka
map laps over into Illinois where it covers about 200 square miles. The
Pleistocene deposits are differentiated and are shown on the maps under
several separate conventions.

The glacial boundary across the Patoka Quadrangle is shown by a

heavy brown line. This line, beginning at the south, appears on the map
near the southwest corner of the quadrangle about seven miles south of

New Harmony. It takes a northeasterly direction with minor bends,

passing through the village of Springfield, and thence about one mile

south of Wadesville, one mile north of St. Wendells, about two miles

south and two miles east of Bryant, and off the eastern edge of the

Patoka Quadrangle about four miles east of Fort Branch.

In the vicinity of the Wabash River the till sheet is covered with

loessial deposits and is largely obscured. The relief of the region is

low and few sections of any depth may be had. The border is mapped
indirectly from the presence of outwash deposits and low ridge-like

accumulations of drift. Normal morainic features are absent. Large

areas within the drift border near Poseyville, Cynthiana, and Fort

Branch are composed of flat lacustrine plains, marking the sites of rather

extensive glacial lakes.

The glacial boundary across the Ditney Quadrangle is not shown
by a definite line, as on the Patoka Quadrangle. Fuller, on page 4 of

the Ditney Folio, says: "As the boundary marking the limits of the

Illinoian till is approached, the till plain is seen to be less perfectly de-

veloped. Rock begins to show through it with greater frequency, and

it finally diminishes to a relatively thin mantle, which conforms to the

contour of the rock surfaces. In general the till appears to continue with

a thickness of several feet almost if not quite to the outer limits of its

occurrence, though occasional areas of rather small size are found some

distance back from the margin where no till appears to have been de-

posited." The geological map of the Ditney Folio shows much outwash

material extending south of the till sheet in the northwestern part of

the quadrangle. The margin of the outwash is shown at the western

edge of the quadrangle about six miles southwest of Francisco, about

9 Fuller, M. L., and Ashley, G. H., Ditney Folio, No. 84, U. S. Geol. Surv., 1902.

10 Fuller, M. L., and Clapp, F G, Patoka Folio, No. 105, U. S. Geol. Surv., 1904.
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where the mapped glacial boundary passes off the eastern margin of the

Patoka Quadrangle. From this point it extends northeast to a point

about one mile east of Francisco, where it turns eastward to the north

edge of Oakland City, and thence northeasterly to about three miles

southeast of Petersburg, where it joins the mapped till sheet. From this

point the till sheet margin passes nearly east, crossing the Pike-Dubois

county line about one mile northeast of Otwell. After continuing east-

ward for about one mile the drift margin turns northeast to the north-

eastern corner of the quadrangle area. It is a question whether the

outwash limits in the vicinity of Francisco and north of Oakland
City mark the glacial limits. Certainly the drift margin is

near, and this outwash limit may well be used as the glacial boundary,

though the writer of this review has placed it a short distance north of

the outwash limits on the map which he presents with this paper.

In the Ditney Folio, Fuller states that the data suggest quite

strongly the existence of a drift sheet older than the Illinoian, but in

the review given in the Patoka Folio in collaboration with Clapp, he

rejects the idea of an older drift sheet. Also in the Ditney Folio, Fuller

considers the possibility of a transient advance of the glacial ice as far

south as Boonville, some 20 miles south of the mapped limits near Oak-

land City. The basis of this possibility is the presence of isolated

weathered pebbles and boulders of suggestive glacial origin. It is very

improbable that any of the region between Oakland City and Boonville

was ever transgressed by glacial ice. Leverett spent a few days in 1924

looking for the evidence to which Fuller calls attention, but failed to

find anything which would verify Fuller's suggestion.11

The geological maps of the Ditney and Patoka folios show the glacial

boundary from the Wabash River some seven miles south of New
Harmony to East White River in northwestern Dubois County with as

much precision as may be obtained practically. Little if any improve-

ment may be made. Thus we may consider the boundary to be definitely

mapped and established. This part of the glacial boundary traverses

a distance of 70 miles. The total boundary line in Indiana is 240 miles

in length.

In 1904 Blatchley12 published a map showing the glacial boundary

in Indiana which deserves mention here. Leverett's 1899-1902 boundary

is generally followed except in the vicinity of the junction of East White

and Muscatatuck rivers southwest of Brownstown in Jackson County.

Here Blatchley's map shows that a distinct lobe of the ice sheet protruded

westward in a westward extension of the lowland west of the Browns-

town hills. The Brownstown hills, a high upland mass or group of hills

consisting of about 25 miles entirely surrounded by low land within the

limbs of East White and Muscatatuck rivers in southern Jackson County,

were surrounded by glacial ice and are represented as a small unglaciated

area surrounded by drift. (See figure 4). Blatchley does not discuss

the drift border in the text of his paper.

11 Personal communication, July 12, 1924.

12 Blatchley, W. S., The Indiana of Nature: Its Evolution. Proc. Ind. Acad, of

Science for 1903 (1904), pp. 33-59.
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Fig. 4—Glacial boundary in Indiana according to Blatchley 1904, Shannon 1907,

and Dryer 1908.

In 1907 Shannon 11 published a map of East White River drainage
in southern Indiana. The glacial boundary is shown on this map. It

departs but little from Leverett's 1899-1902 boundary line, probably be-

ing generalized from it. Shannon did much work in southern Indiana

and was well acquainted with the marginal features of the Illinoian

drift sheet. He may well have improved upon the previously published

maps. Incidentally he discusses a part of the glacial boundary in the

text of his paper which the map accompanies. "At its extreme limit,"

Shannon writes, "the ice deposited but little drift; and as a rule there

is not a well defined ridge of drift along the glacial boundary ....
From the north line of Jackson County, following the boundary to the

west and south, it is in many places hard to trace as a well defined line.

The ice-sheets must have been very thin, since the topography shows little

if any modification. In many places, however, heavy beds of gravel and
till lie against the hill slopes to the north and east. Many large granite

bowlders are also piled up along the hill sides and scattered along the

streams."

Charles Dryer is responsible for several maps which show the glacial

boundary. As a rule they depart little from Leverett's boundary lines

upon which they are based. In the 1908 edition of his "Studies in Indiana

13 Shannon, C. W., Drainage Area of East Fork of White River, Proc. Ind. Academy
of Science for 1908 (1907), pp. 53-70.
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Geography" a glacial map appears with acknowledgment to Leverett.

The boundary line on this map is highly generalized from Leverett's maps
and departs from them considerably in a number of places. It extends
farther down in northwestern Vanderburg County and includes a larger
area in northwestern Dubois County. In southwestern Indiana it in-

cludes within the drift margin the greater part of the lacustrine deposits.

The apex of the re-entrant angle in northern Monroe County is not
shown as an angle, but rather as a great smoothly sweeping semi-

circle. In Jackson County it swings in a semicircle east around the

Brownstown hills, returning west south of them, and then turning ab-

ruptly back southeast through northeastern Washington County, some-

what as in Leverett's 1897 map. (See figure 4.)

In the Proceedings of the Indiana Academy of Science for 1910,

Charles Brossman presents a map accompanying his brief paper on

"Water Supplies in Indiana." This map shows the glacial boundary,

chiefly following Leverett's 1899-1902 boundary, though a suggestion of

Blatchley's 1904 map is present in it.

Edward Barreet, state geologist of Indiana from 1911 to 1919, uses

Dryer's 1908 boundary line on maps published in three different annual

reports of the Indiana Geological Survey. It occurs first in the 36th

Annual Report for the year 1911, accompanying a brief discussion en-

titled, "Glaciation and Soils". The same map upon which is superimposed

the progress of soil mapping appears in the 38th and 39th annual re-

ports for the years 1913 and 1914 respectively. The boundary and

moraines of these maps are credited to Leverett.

Harry W. Wood uses Dryer's 1908 glacial map to accompany a

paper entitled, "The History of Indiana During the Glacial Period",

published in the 40th Annual Report of the Indiana Geological Survey,

for the year 1915. This map also is credited to Leverett.

In 1915 the work of Leverett and Taylor, entitled "The Pleistocene

of Indiana and Michigan and the History of the Great Lakes" appeared. 14

This authoritative treatise is chiefly a description of the glacial features

of Indiana and Michigan, including the features of the great glacial lakes

leading up to the present Great Lakes system. It deals mainly with the

Wisconsin drift of the Saginaw lobe and the neighboring portions of the

Lake Michigan and Huron-Erie lobes, though the pre-Wisconsin glacial

and interglacial formations are given some attention. With respect to

the glacial boundary across Indiana, Plate VI and page 62 of the mono-

graph are of chief interest.

The glacial boundary as shown in figure 5 is taken from Plate VI

of Leverett's monograph. This boundary as described in the text on

page 62 corresponds to the map except from northern Monroe County

southeast into northern Jackson County. The text states that at the

Monroe-Morgan county line the glacial boundary line "turns somewhat

abruptly southeastward across the northeast corner of Monroe County

to Needmore in Brown County and passes north of Marshall to Mt.

Liberty in eastern Brown County. Thence it runs southward near

Brownstown, Mt. Sidney, Little Fork, Vienna, and Henryville to the Ohio

« Leverett, Frank, and Taylor, Frank B., The Pleistocene of Indiana and Michigan

and the History of the Great Lakes, Monogr. 53, U. S. Geological Survey, 1915.
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Fig. 5—Glacial boundary in Indiana according- to Leverett 1915 and Malott 1922.

opposite Louisville". The map, however, shows that the boundary lino

passes nearly due east from the middle part of Monroe County just south

of the Monroe-Morgan county line. It continues east for about 20 miles

to the extreme northeast corner of Brown County where it turns south-

east and enters Bartholomew County. The boundary in Bartholomew
County runs south along- the Knobstone escarpment and enters Jackson

County about three miles east of the southeastern corner of Brown
County.

This discrepancy of Leverett's map and text is noted on page 144

of the "Handbook of Indiana Geology" where the writer discusses

the glacial boundary. Leverett in a personal communication 15 states

that he is "at loss to understand why the glacial boundary is so put

forth in Monograph LIII." In his preceding map of 1899-1902 the

boundary through Monroe and Brown counties is about as described en

page 62 of Monograph LIII.

In 1922 the writer's "Physiography of Indiana" appeared as Part II

of the "Handbook of Indiana Geology". 1 ' 1 On page 66 the glacial boun-

dary is shown on a physiographic map of Indiana. Again it is shown
on an inserted glacial map of Indiana, pages 106-107. This glacial

boundary line is discussed on pages 143-144 of the text. It is here re-

15 January 22, 1924.

16 Handbook of Indiana Geology, Publication No. 21, Indiana Department of Con-

servation, 1922.
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produced in figure 5, where its coincidence with and its departures from
Leverett's boundary are shown. The greatest departure from Leverett's

boundary is in Jackson and northern Washington counties where the

line is patterned after that of Blatchley's 1904 map. In the text the

evidence for so drawing the line is given. In northeastern Monroe and
in Brown and Bartholomew counties the line substantially follows

Leverett's 1915 map. Attention is called to the occurrence of large

boulders south and west of the line in Brown and Bartholomew counties,

and it is suggested that the glacier for a short time advanced beycnd
the mapped limits.

In 1924 Frank Leverett of the U. S. Geological Survey, F. J. Breeze

of the State Normal School, Muncie, Indiana, and the writer arranged

to spend a few days together in the study of a part of the glacial

boundary across Indiana. It was agreed that the boundary line from
the Wabash River in Posey County northeast to northern Monroe County
is pretty well established, but from northern Monroe County southeast

to the Ohio River in Clark County the boundary line is much less definite

and rather difficult to trace, and it should receive attention. Both

Leverett and the writer were of the opinion that the scattered boulders

and other evidences of glaciation in middle and eastern Brown County
might possibly prove to be remnants of an older drift sheet than the

Illinoian, and this tentative opinion had been discussed through cor-

respondence. This opinion was not substantiated in the investigation

which followed.

Apparently the glacial boundary passes from Monroe County into

Morgan County in the northwest of section 2, township 10 north, range

1 west, as an exploration down Bryant's Creek in an approach towards

the glacial boundary revealed no glacial boulders until the west side

of section 2 was approached. After entering Morgan County the

boundary continues east of north for nearly two miles and then turns

east and southeast, re-entering Monroe County approximately on the

ridge north of Hackers or Little Indian Creek. It continues south of

east to the vicinity of Hubbard Gap, in the northwest quarter of section

11, township 10 north, range 1 east. Many boulders occur in the stream

leading south from this gap, and outwash material extends up the hill

on the east flank of the gap. From Hubbard Gap the boundary ap-

parently continues southeast to the vicinity of Needmore in Brown

County. Near here it pushed against the south valley side of Bean

Blossom Creek and rose over the high divide south of Helmsburg, dis-

charging glacial boulders into the streams leading into Salt Creek.

Several large boulders may be seen along Little Owl Creek about three

miles northwest of Nashville. An isolated patch of gravelly outwash

occurs on the hill at the farmhouse just north of Owl Creek School in

the southwest quarter of section 11, township 9 north, range 2 west.

One mile north of Nashville on the west side of Greasy Creek

Valley, Mr. Leverett discovered a small patch of till. Many boulders

are present along Greasy Creek. The till proves beyond doubt that the

ice sheet came over the high divide between Bean Blossom and Salt

creeks and approached the vicinity of Nashville near the center of

Brown County.
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Boulders from six inches to three feet in diameter occur occasionally

in the valleys north of West Point, four miles east of Nashville. Boulders

are plentiful in the bed of a small creek flowing west and in the road

leading to Pikes Peak, about five miles southeast of Nashville. Mr.

Breeze called attention to drift occurring in the vicinity of Beck in

southeastern Brown County. Here it occurs in sufficient quantity

to have some topographic influence, and to notably affect the character

of the soil of the locality. Till occurs in a field in the vicinity of Lock-

man or Buffalo about three miles west of the Brown-Bartholomew
county line. From the above evidence it appears that the glacial boun-

dary line passes southeast from near Nashville for a few miles and then

turns south on a line some three or four miles west of the eastern

boundary of the county. It is to be noted that this line is several miles

west of the Knobstone escarpment. (See figure 6.)
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Fig. 6—Glacial boundary in Indiana showing its

Escarpment.

•elationships to the Knobstone

Again till was discovered in quantity about four miles north of

Freetown in Jackson County. Boulders and weathered material re-

sembling till were discovered a short distance southeast of Clear Spring

well back of the crest of the Knobstone escarpment. Rolland Brodhecker

of Brownstown sent the writer samples from large granite and quartzite

boulders found in the ravines between Freetown and Clear Spring.

The writer recently discovered an exposure of several feet of typical
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till in a road cut along State Highway 4 about three and one-half

miles northwest of Medora and well back of the Knobstone escarpment.

The till exposed in the road cut occurs about the center of section 29,

township 5 north, range 3 east. About 10 feet of it is exposed, the upper
part being so weathered that it little resembles till.

The evidence is conclusive that the greater part of Brown County
was once covered by glacial ice, and that in western Jackson County
the drift boundary is well west of the Knobstone escarpment. But the

area lying west of the Knobstone escarpment in Bartholomew, Brown,
and Jackson counties bears little topographic evidence of glaciation.

It appears that the Illinoian ice sheet advanced to its limits in this area

and then immediately melted away, leaving but scant evidence of its

temporary occupancy. The respectable glacial plain in Bartholomew
County and the abundant drift in Jackson County along and east of

the Knobstone escarpment indicate that the ice sheet remained against

the escarpment for a considerable period of time. It is likely that it acted

as a topographic barrier which stayed the ice for the greater part of

the time, but it is an interesting fact that for a brief period the ice sheet

moved beyond the escarpment in Bartholomew and Jackson counties.

(See figure 6.)

In southern Jackson and in northern Washington counties it is

evident that the Illinoian ice sheet pushed westward in the lowland apex

around and west of the Brownstown hills, probably reaching into the

rather constricted portion of East White River valley in the vicinity

of Sparksville. The ice came against the north facing portion of the

Knobstone escarpment south of the Muscatatuck River in Washington

County, but it never rose to the crest of the escarpment. Small patches

of glacial drift may be found here and there, but none above an altitude

of 800 feet. Two small patches of glacial drift occur along the side

of State Highway 24 on the ascent up the "Millport Knobs", south of

the Muscatatuck River bridge. The drift here is between 700 and 800

feet in altitude. It is very probable that the higher parts of the Browns-

town hills were never topped by the glacier. Drift occurs about and

among them to an altitude of somewhat over 800 feet, but the higher

hills show no evidence of glaciation. It is likely that they remained

as a nunatak or several small nunataks above the surrounding glacial

ice.

Apparently the ice sheet came against the Knobstone escarpment

through Scott and part of Clark counties, failing to reach it in the

vicinity of New Albany. Small patches of drift occur west of Silver

Creek and south of Muddy Fork in Clark County. No drift or erratics

could be found in the lowland area in Floyd County north of New Albany.

Leverett states 17 that the drift border passes eastward north of Jeffer-

sonville and a little south of Watson. It crosses the Ohio River near

Utica into Oldham County, Kentucky, where it continues east and north-

east past Goshen several miles south of the Ohio River.

The glacial boundary as shown in figure 6 is believed to be ap-

proximately correct. It traverses a distance of approximately 240 miles

in the state, and the re-entrant angle made by it leaves approximately

17 Personal communication, July 12, 1924.
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6,000 square miles in Indiana unglaciated. Only eight counties were
untouched by the Illinoian ice sheet. These counties are Lawrence,

Orange, Floyd, Harrison, Crawford, Perry, Spencer, and Warrick. All

the counties within the unglaciated area were directly or indirectly af-

fected by glaciation with the possible exception of Orange. The Ohio

River counties contain valley train material in the form of terraces along

the Ohio, and erratics carried by the water and drifting ice are present.

Lawrence County contains prominent terraces of glacial origin along

Salt Creek and East White River, as these streams were important

conveyors of glacially derived material. No stream receiving glacial

waters entered Orange County, but Lost River in its lower course was
ponded back as far as the "rise" near Orangeville, and its valley floor

is deeply alluviated. Alluvial terraces occur along Lost River in the

western part of the county, and these owe their origin to the excavation

of silts accumulated while the valley was ponded. Orange County, how-
ever, is the only county in Indiana which contains no glacially derived

material.
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NOTE ON THE PRE-GLACIAL DRAINAGE OF THE
TRADEWATER RIVER, KENTUCKY.

Gerard Fqwke, Madison.

In a paper by the author, entitled "The Genesis of the Ohio River",

which was published in the Proceedings of the Indiana Academy of

Science for 1924, the statement was made that the original course of the

Tradewater River was down the present channel of the Ohio to a junc-

tion with the old Cumberland River at Bay Creek, a short distance below

Golconda, Illinois.

This interpretation was not entirely satisfactory, as it involved a

change of direction of the Tradewater from a general northwest to a

general southwest trend, but since no gap could be found below the

gorge through which the Tradewater now enters the Ohio, it seemed

the only solution.

The possibility of the existence of a cut off farther up the stream, by
means of which it could have reached the channel now occupied by
the Ohio above the divide at Caseyville (see figure 1), instead of be-
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Fig. 1—Map showing the present and pre-glacial drainage routes of the Trade-

water River and other streams.

"Proc. Ind. Acad. Sci., vol. '34, 1925 (1926)."
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low that point, did not suggest itself; consequently, no examination was
made in that direction. The abrupt bends a few miles up the river near

Sturgis, however, should have been recognized as indicative of a readjust-

ment of drainage at that point. It seems that this was the case, for

Leverett has informed me recently, that the lower portion of Cypress

Creek, which joins the Tradewater near Sturgis, flows through a wide
valley whose floor is of such slight elevation that, as he was told, flood

water of the Ohio passed through this valley into the Tradewater. If

this is the case, then it is obvious that pre-glacial Tradewater River

flowed north through the valley now occupied by the lower part of

Cypress Creek, going around the point known as Anvil Rock, and con-

tinuing northward, joining Green River somewhere in the vicinity of

Mt. Vernon and flowing on northward through the valley of the present

Wabash River.

With the damming of the pre-glacial Tradewater River at the

north by glacial drift, it became necessary for a new outlet to be found.

This outlet was formed west of Sturgis through the present gorge.

When the Tradewater abandoned its course to the north, Cypress Creek,

which had formerly flowed from the southeast into the Tradewater,

was forced to turn south along the abandoned valley, and to join the

Tradewater near Sturgis.
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FAUNA OF THE BRASSFIELD LIMESTONE OF
JEFFERSON COUNTY, INDIANA.

J. Archer Culbertson, Indianapolis.

Anthozoa.

Streptelasma hoskinsoni Foerste

Streptelasma obliquus Foerste. This species is common in Jefferson

County. Most of the specimens show a marked flattening- of the cor-

rallum, one typical example having- a length of 17 mm., width 12 mm.
and thickness 6 mm. In the upper third of the corrallum there is a
small additional septum intercalcated between the larger septa. The
septa are about 35 in number.

Enter-olasma geo?netricum Foerste. Three specimens were found
of the larger type described by Foerste (Bos. Proc. Nat. Hist. Soc. p.

346) and two of the smaller type were found. Near the top of the

larger specimens, four ribs occur in the space of five mm. but no ad-

ditional septum is intercalcated.

Zaphrentis celator daytonensis Foerste

Favosites cf. favosus Goldfuss

Halysites catenularia Linnaeus

Hydrozoa.

stromatoporoidea.

Aulocerium cf. savagei Parks. Original description: "The general

form was probably laminar, and the organism probably attained consider-

able dimensions. The skeletal matter consists of rows of vesicles, with

convexities outwards, about six vesicles appearing in the space of one

mm., measured vertically. The maximum extent of a vesicle horizontally

is something over one-half mm. The cavities appear to have been hollow,

and their walls very delicate. At a fairly uniform interval of two
mm. large tubes of one-half mm. diameter pierce vertically through the

vesicular tissue. The walls of the tubes are thin about the same calibre

as the fibre of the vesicles. The tubes are crossed by 4 or 5 tabulae in

a distance of 1 mm. These tabulae are curved and are likewise of about

the same weight as the walls of the vesicles. I am of the opinion that

these tubes are not foreign to the organism for the following reason.

They are the same diameter as a vesicle. They are evenly spaced. Their

substance is of the same microscopic appearance as the rest of the

conosteum. They are intimately united, even blended, with the vesicular

tissue."

In this specimen, the general form is roughly circular in outline

with laminar structure, having a diameter of about 11 cm., and a

maximum thickness of 29 mm. It occurred on the weathered surface of

the outcrop and only a part of it has been preserved. Vertical and

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."



112 Proceedings of Indiana Academy of Science

tangential sections show the same structure as described by Parks,

there being however, a marked difference in the dimensions of some of

the parts.

The vesicles are broader and flatter, the maximum extent horizon-

tally being about one mm. instead of one-half mm., in places free of

tubes, and about eight to ten vesicles appearing in a vertical distance

of one mm., instead of six. The tubes are smaller, averaging one-quarter

to one-sixth mm. in diameter instead of one-half mm. and are rather

irregularly spaced at an average distance of one mm. instead of two
mm. The species has been described from a single specimen, and there-

fore nothing is known of the variations possible within the species and it

seems probable that this specimen belongs to the species savagei. The
differences mentioned are hardly of specific value.

Two other specimens were found having a similar external ap-

pearance but not well enough preserved for identification. Possibly

they belong to this species.

crinoidea.

Icthyocrinus (?) sp. undet.

Bryozoa.

Aspidopora parmula Foerste. This specimen is smaller than those

described by Foerste, having a diameter of 17 mm. instead of 25 and they

are also more convex, having a convexity of three mm. The general

shape is discoid, convex above, and the frond is very thin. The zooecia

are regularly spaced, about four to one mm.
Hallopora magnopora Foerste

Ptilodictya whitfieldi Foerste

Ptilodictya expansa Hall and Whitfield

ptilodictya sp. undet. A section of this specimen shows the arrange-

ment of cells typical for the genus ptilodictya, but the external appear-

ance is different from any other species described.

Two fronds were found that have a very narrow, linear form, over

30 mm. in length and only one and one-half mm. maximum width. The

width varies only one-half mm. in the entire length of the frond. The

base of the frond was not observed so its length presumably is greater

than 30 mm.
It is possible that this form represents a young colony of the species

whitfieldi, which it resembles more closely than any other species

described.

Phaenopora expansa Foerste

Phaenopora fimbriate. Foerste

Phaenopora magna Foerste

Phaenopora multifida Foerste

Clathropora frondosa Foerste

Clathropora frondosa clintonensis Foerste

Pachydictya obesa Foerste

Pachydictya bifurcata var. instabilis Foerste

Pachydictya crassa Foerste
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Fig. 1

—

Crania sp. undet. X 2% ; 2, Catazyga sp. undet. Brachial valve. X 2% '<

3, Catazyga sp. undet. Pedicle valve. X 2% ; 4, Catazyga sp. undet. Pedicle valve of

a large specimen. Natural size ; 5, Hyattidina cf. congesta. Hall. Brachial valve. X
2% ; 6, Triplecia sp. undet. Pedicle valve. X 2% ; 7, Triplecia sp. undet. Brachial

valve. X 2%; 8, Whitfieldella oblata (?). Natural size; 9, Dawsonoceras sp. undet.

Natural size; 10, Dawsonoceras sp. undet. Natural size; 11, Lopkospira hanoverensis

n. sp. Natural size ; 12, hophospira hanoverensis n. sp. Natural size.

8—35508
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Rhinopora verrucosa Hall

Chasmatopora angulata Hall

Chasmatopora sp. undet. In describing the species angulata, Hall

notes "another variety with equally stout stems has much more elongated

fenestrules, exceeding three mm. or even more in length." The specimen

here recorded is probably the type he mentioned, some of the fenestrules

exceeding four mm. in length and the anastomosing stems are some-

what stouter than in C. angulata. It seems that these differences would

warrant a specific name for this form.

Brachiopoda.

Lingula sp. undet.

Crania sp. undet. Fig. 1. Three specimens were found, two ex-

cellently preserved, adhering to the surface of an Orthoceras. The shells

are convex conical, the apical point is eccentric and the valves are broader

than long. Fine lamellose markings are preserved. The posterior slopes

of the shells are slightly but regularly convex, the anterior slopes much
steeper and directly in front of the apex, they are concave. The speci-

mens are all practically the same size. Length eight mm., width nine

mm., convexity of valve at the apical point two mm. The apical point

lies five and one-half mm. from the posterior edge and two mm. from the

anterior edge. These measurements are very similar to those of a

Crania shell described by Foerste and called (?) Crania dubia.

Orthis euoHhis Foerste

Orthis dinorthis Foerste

Orthis fissiplicnta Foerste

Platystrophia daytonensis Foerste

Platystrophia reversata Foerste

Dalmanella parva Foerste

Dalmanella cf. eugenensis Williams

Rhipidomella hybrida Sowerby
Plectanibonites transversalis Wahlenburg

Plectambonites Prolongatus Foerste

Leptaena rhomboidalis Wilckens

Stropheodonta sp. undet. Four specimens were found belonging to

the genus Stropheodonta, though not well enough preserved to allow a

specific identification. Two of these however, compare favorably with

small specimens of S. corrugata from the Clinton of New York, described

by Hall. The shells are only slightly convex, striae very unequal with

the hinge line extending into small acute ears.

Strophonella hanoverensis Foerste

Strophonella daytonensis Foerste

Schuchertella daytonensis Foerste

THplesia sp. undet. Figs. 6 and 7. This specimen consists of

separate brachial and pedicle valves, which answer to the general descrip-

tion of Triplesia, by Hall, as follows: "Shell trilobate, transverse, un-

equally biconvex. Hinge line straight and quite short. Pedicle valve

shallow, convex about the beak, but depressed anteriorly by a broad and

deep median sinus. Cardinal area low, erect and well defined; delthynum

covered by a narrow convex plate, with a circular foramen at the apex.
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The brachial valve is very convex and bears a strong median fold. The
cardinal area is very narrow and beak closely incurved. Surface with

obscure concentric growth lines and fine radiating striae on the inner

laminae; in rare instances there are radiating lines on the exterior."

The distinguishing features of this specimen are strong radiating

ribs crossed by concentric lines of growth, especially prominent on the

posterior one-third of the pedicle valve and on the brachial valve, giving

both valves a reticulate appearance. In the rather high triangular sinus

there are four distinct ribs running from the first concentric line to the

anterior margin. The beak is exfoliated, consequently they are not

discernible on that part of the shell. There are seven distinct ribs on

each side of the sinus and two or three very indistinct ones toward the

lateral margins. Within five mm. of the beak are four strong lamella

and from that point to the anterior margin are at least seven more.

There are six ribs occupying the fold, running from a point two
mm. from the beak to the anterior margin. There are nine or ten ribs

on each side of the fold, those next the lateral margins being very in-

distinct. The lamella are eight or nine in number and are regularly

spaced.

Measurements: Length 11 mm., width 10 mm., length of hinge line

7 mm., convexity of the brachial valve 4 mm., of pedicle valve 2% mm.
Width of fold 3 mm., of sinus 4 mm.

Parastrophia spa/rsiplicata Foerste

Camarotoechia convexa Foerste

Camarotoechia neglecta var. cliftonensis Foerste

Catazyga (?) sp. undet. Figs. 2, 3, and 4. Pedicle valves of six

specimens were found and the brachial valves of two, though it was im-

possible to obtain a complete specimen. As far as can be determined this

form is not related generically to any Silurian form described. Its close

external resemblance to the Ordovician genus Catazyga is very marked
as a description will indicate.

The shell is medium sized, sub-circular or ovoid in outline. Both

valves are strongly convex, the rotundity of the pedicle valve obscuring

the prominent umbonal region.

The beak of the pedicle valve is slightly compressed anteriorly as

a faint elevation to about the center of the valve. The median part of

this elevation is slightly depressed, forming a faint and rather broad

median depression. The brachial valve has a faint median depression

near the beak.

The shell is covered with fine radiating striae about seven or eight

to the mm. at a distance of six mm. from the beak. Lamellose lines

of growth are preserved in every specimen though they are not prominent.

The specimens vary in size, but the measurements of the average

specimens are: width 13 mm., length 11 mm., hinge line approximately

9 mm. long, convexity of pedicle valve 4% mm., convexity of brachial

valve 2% mm.
Atrypa marginalis Dalman
Atrypa lati-corrugata Foerste

Whitfieldella cf. oblata Hall, Fig. 8

Hyattidina cf. oongesta Billings, Fig. 5

Meristella sp. undet.
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Pelecypoda.

PteHnea sp. undet.

Mytilarca sp. undet.

Gasteropoda.

Bucania fiscellostriata Foerste

Bellerophon exiguus Foerste

Lophospira hanoverensis sp. novum. Height 25 mm., width 22 mm.,

apical angle 85 degrees, volutions 3%, ventricose, body whorl comprises

at least three quarters of the height of the shell. Peripheral band
prominent and angular on the last whorl and occupying a position about

one quarter way from the top. It is less angular en the upper whorls.

The slit is about eight mm. long. About midway between the band
and the suture lines a low revolving ridge divides the flat upper slopes

into two slightly concave surfaces.

The aperture is sub-ovate, rounded anteriorly, and rather straight

along the inner side. The shell is imperforate, the inner parts of whorls

coalescing to form a columella. Transverse lines of growth are fine,

threadlike and numerous. The lunulae of the band are fine and regularly

curved.

This species resembles L. thebesensis Savage, but it differs from

that species in the higher position of the peripheral band; in the lower

ridge and less concave portion of the whorl above the band, which gives

a flatter appearance to the upper part of the shell; in the absence of a

revolving ridge below the peripheral band and in having an imperforate

shell.

Liospira cf. affinis Foerste. This specimen compares favorably with

Foerste's L. affinis in size and general shape, though it is not well

enough preserved to be sure of specific identification.

Cyclonema daytonensis Foerste

Cyclonema gyronemoides Foerste

Cyclonema cf. pristina Savage

Cephalopoda.

Orthoceras lumoverense Foerste

Orthoceras cf. rectum, Foerste. This specimen has the very low rate

of divergence and circular outline of 0. rectum, though only the body

chamber is preserved. A small patch of the surface has been pre-

served however, and consists of numerous fine transverse striae, about

10 in the distance of one mm.
Orthoceras sp. undet. This specimen consists of a small fragment

of an Orthoceras shell marked with longitudinal flutings. The fragment

is about ten mm. long and three mm. in diameter. The flutings are

regularly spaced about one-half mm. apart.

Dawsonoceras inceptum vur. acceleratum- (?) Foerste

Dawsonoceras cf. annulatwm Sowerby

Dawsonoceras sp. undet. Fig. 10. The annulations run obliquely

around the shell, about six or seven mm. apart, instead of transversely,

at right angles to the length of the shell. In this respect it differs

from D. annulatum Sowerby.
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Dawsonoceras sp. undet. Fig. 9. This specimen is a fragment
about 30 mm. long and retaining the exterior markings over a part of

the surface. The annulations are evenly spaced about one and one-half

mm. apart and are sharply keeled. Between the annulations are two
parallel, transverse, sharp ridges, which divide the space between the

annulations into three equal parts. These ridges are sharper than the

annular markings, though smaller and less elevated. There is a marked
equal concavity between each ridge and between the ridges and annular
rings. The outline is circular and the specimen is ten mm. in diameter.

The siphuncle is very nearly central in position.

Trilobita.

Illaenus daytonensis Hall and Whitfield

Illaenus ambiguus Foerste

C&lymene vogdesi Foerste

Dalmanites werthneri Foerste

Metapolichas breviceps clintonensis Foerste

Paleogeography. The conditions of deposition in different areas

were probably somewhat as follows: The Sexton Creek limestone of

southern Illinois was deposited on the west side of a southern embay-
ment and rather near the western shore line. The deposition was prob-

ably continuous across the embayment to the Indiana-Ohio region, where
the Cincinnati uplift furnished another comparatively shallow water
tract in which the Indiana-Ohio-Kentucky Brassfield fauna lived. From
this area to the Niagara Falls region, there was continuous deposition,

the limestone changing however to a sandstone, as the high lands of

Appalachia and Acadis are approached. To the west and northwest

away from the highlands, the deposits grade again into limestones with

some dolomites and shales, represented by the Manitoulin dolomite and

the Cabot Head shales, of the Manitoulin Island, Ontario, and by the

Severn River limestone, of the Hudson Bay region. A connection with

the sea to the northeast through the St. Lawrence basin, deposited the

Gun River formation of Anticosti. Noting the positions of these forma-

tions it is not difficult to see how somewhat provincial conditions exist-

ing near shore lines in the different areas would give rise to certain

faunas with characteristic differences.

Correlations.

In the above list of fossils there are about 50 species that are also

present in the Brassfield formation east of the Cincinnati anticline in

Ohio and Kentucky, which indicates that the strata of the two localities

are identical in age and were undoubtedly parts of the same embay-

ment, which came in from the south.

In describing the fauna of the Sexton Creek limestone of Illinois and

Missouri, Savage notes the absence of certain species that are common in

the Ohio Brassfield and the presence of certain other species not present

in the Ohio Brassfield. This is interpreted as ''indicating the presence

of a land barrier (the enlarged Cincinnati anticline) extending suf-

ficiently far to the south to prevent the easy intermigration of the
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organisms from one basin to the other, and thus permitted the develop-

ment in them of somewhat different faunas." The similarity of the

Brassfield fauna of Jefferson County, Indiana, on the west side of the

anticline, to that of Ohio and Kentucky on the east side, hardly warrants
a barrier sufficient to prevent easy intermigration. Physical evidence

seems to indicate that the central part of the anticline was land or

covered by shallow seas. The organisms could easily have migrated

either around the edges or across the anticline in shallow water, under

such conditions.

The Sexton Creek and Brassfield formations undoubtedly repre-

sent the same general period of deposition, and the difference in the

faunas of the two localities seems to be no greater than would be ex-

pected in different localities, or on opposite sides of an embayment
like the "Illinois embayment". The thickness of the Sexton Creek forma-

tion about 70 feet, as well as the fauna, seems to indicate a longer

period of deposition and an encroaching sea from the south would bring

in earlier species that probably did not reach the southeastern Indiana

area, and the retreating sea, remaining longer in the Illinois area would

contain later species not present in the Brassfield of Indiana.

The following species are common to the Brassfield of Jefferson

County and the Sexton Creek of Illinois: Favosites favosus, Halysites

catenularia, Rhinopora verrucosa, Atrypa marginalis, Comorotoechia

convexo, Dahnanella parva, Leptaena rhomboidalis, Orthis flabellites,

Platystrophia daytonensis, P. reversata, Plectambonites transfersalts,

Illaenus ambiguus, I. daytonensis.

There are many more genera in common and some of the new species

described by Savage are closely related to the Brassfield species.

The Brassfield period of deposition is undoubtedly represented in

the New York Medinian section, but the sandstone fauna is not easily

compared with the limestone fauna of Indiana. Schuchert states that

"the typical Medina formation shades through lateral alteration into

the typical Cataract formation of Ontario", which is equivalent to the

Brassfield.

The Cataract formation is composed of several members whose

faunas may be compared to that of the Brassfield of Indiana.

Species common to the Brassfield and Manitoulin dolomite member:
Streptelasma hoskinsoni, Enterolosmo geometricuni, Halysites catenu-

laria, Hallopora magnopora, Leptaena rhomboidalis, Dalmanella cf.

eugenensis, Rhipidomella hybrida, Camarotoechia neglecta, Bueanio

exiguus, Orthoceras hanovernsis.

Species common to the Brassfield and Cabot Head shale member:

Enterolasma geometricuni, Streptelasma hoskinsoni, Rhinopora verrucosa,

Leptaena rhomboidalis, Plectambonites transversalis, Orthis flabellites,

Dahnanella eugenensis, Rhipidomella hybrida, Camarotoechia neglecta.

Species common to Brassfield and Dyer Bay dolomite: Enterolasma

geometricum, Streptelasma hoskinsoni.

Species common to Brassfield and Grimby sandstone member:

Dalmanella eugenensis, Camaroteochia neglecta.

Schuchert says (Bull. G. S. A. 25, pp. 277-320) "Even though the

Medina, Cataract, and Brassfield are correlates of one another, it does
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not follow that each one is wholly equivalent of any other. Each forma-

tion invades eastern North America from a different direction and each

one has its own peculiar faunal assemblage. They, therefore, represent

three physical provinces and marine basins. The Medina is of the

Northern Appalachian province, is a sandstone formation, and finally

invades to a slight extent the area of the Cataract. The Brassfield

province lies, in the main, west of the Cincinnati axis, is of southern

origin, with limestone making seas, spreads also up the southern por-

tion of the Appalachian province and finally, in northeast Ohio, (known
from Clinton oil wells) unites with the other two provinces; but as the

Medina waters form a shoal sandy area in northeast Ohio, between the

other two provinces, very few of the species of either area intermigrate.

Probably it would be more correct to state that the normal marine junc-

tion of the Cataract and Brassfield is prevented by the Medina delta. For
these reasons the Medina, Cataract, and Brassfield are to be retained

as names for independent marine faunas and formations."

According to Twenhofel, the Cataract formation is probably to be

correlated with the lower portion of the Gun River formation of Anti-

costi Island. No sediments in the Silurian section at Arisaig have been

identified as being as old as the Medina-Cataract though it is possible

that the base of the Beechhill Cove formation may be of this age.

Species common to the Brassfield and Severn River formation of

the Hudson Bay region : Favosites favosus, Orthis flabellites, Dalmanella

parva, Halysites catenulwria, Plectambonites transversalis.

There are many common genera, such as Camarotoechia, Bellero-

phon, Illaenus Pachydictya, Calymene, Orthoceras, Lophospira Schuchert-

ella, Zaphrentis, Streptelasma, and several Stromatoporoids, but the

species are different.

Savage and Van Tuyl correlate the Severn River limestone of the

Hudson Bay region with the lower part of the Silurian rocks of the Lake

Timiskaming region, the lower part (Hendricks dolomite and Fibour

limestone of the Silurian of north Michigan, and the upper part of the

Silurian rocks west of Lake Winnipeg, and the Brassfield, Cataract and

Sexton Creek formations.

Bassler correlates the Medina-Cataract with the Lower Llandovery

of Wales and Scotland and the Lower Birkhill of Scotland.
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DESCRIPTION OF SOME FOSSIL PLANTS FROM THE
STANFORD PALEONTOLOGICAL COLLECTION.

Albert B. Reagan, Cornfields, Ganado, Ariz.

The Stanford Paleontological Collection contains a few fossil plants

that were collected by Mr. Orestes St. John 1
in 1901 from Willow Canyon,

New Mexico, and elsewhere; also some fossil wood that was collected by

the writer from the Shinarump-Chinle Series of the Trias. A part

of these is classified below as follows

:

Fossils from the St. John Collection.

Sabal sp. (Fig. 1). The specimen here figured is a mere fragment
of what was apparently a large leaf, but it lacks so many essential

features that it is deemed unwise to give it a specific name.
Magnolia angusUfolia Newberry. (Fig. 2). U. S. Nat. Mus., Proc,

vol. 5, 1882 (1883), p. 513; Berry, U. S. Geol. Surv., prof, paper 91,

1916, p. 214; Knowlton, U. S. Geol. Surv., prof, paper 101, 1917, p. 309,

pi. 79, f. 1, pi. 80, pi. 81, f. 1; idem., U. S. Geol. Surv., Bull. 696, p. 389.

Magnolia attenuata Weber. Lesquereux, Rept. U. S. Geol. Surv.

Terr., vol. 7 (Tert. FL), 1878, p. 250, pi. 45, f. 6.

Terminalia radobojensis Heer (not Unger) . Lesquereux, U. S. Geol.

and Geog. Surv. Terr., Ann. Rept. 1871 (1872), Suppl. p. 15.

Magnalio lanceolata Lesquereux. Hollick, La. Geol. Surv. Special

Rept. 5, 1899, p. 282, pi. 40.

Description from a broken leaf, the only leaf obtained: Leaf

coriaceous, evidently thick in texture, slightly obovate-lanceolate, with

accuminate apex; midrib relatively very thick, particularly below, much
more slender above; secondaries rather slender, alternate at an angle of

45 degrees, considerably curved upward near the margin; finer venation

not retained.

Position and Locality—Raton: Wootton, Weston, Starkville, Aguilar,

Santa Clara, Trinidad, Tercio, and other localities, Colorado; Ute Park,

Raton tunnel, Vermejo Creek, Yankee, and other localities, New Mexico;

Fishers Peak, Raton Mountains, Colo. Wilcox: Coushatta, Red River

Parish, and Naborton, De Sota Parish, La. Lagrange: Puryear, Henry
County, Tenn. (Knowlton). Willow Canyon, New Mexico (St. John-

Reagan).
Platanus guillelmae heeiii Knowlton. (Fig. 3). U. S. Geol. Surv.,

prof, paper 101, 1918, p. 323, pi. 96, f. 5, pi. 97, f. 1, pi. 98, f. 2;

U. S. Geol. Surv., Bull. 696, p. 468.

Three leaf impressions were obtained from Willow Canyon, none of

which were entire.

1 The writer described a part of the wood fossils of the St. John's collection under

the title "Identification of Two Fossil Leaves from Iowa, one from Arizona and a

'Tree Trunk' from Kansas". Proc. Ind. Acad. Sci., vol. 34, 1924 (1925), pp. 141-142.

"Proc, Ind. Acad. Sci., vol. 34, 1925 (1926),"
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Description after Knowlton, above : "Leaves of medium size, 12 to 15
centimeters long and 9 to 12 centimeters wide (or less), undivided, long,

somewhat wedge-shaped at base * * * unequal sided, apex deltoid,

moderately acute ; margin entire along the wedge-shaped portions, other-

wise rather coarsely and sharply toothed; petiole long * * * nervation
strong, consisting of a relatively strong midrib and about 5 pairs of

alternate or subopposite secondaries at an angle of 60° to 65°, ending
in marginal teeth; lowest pair of secondaries, strongest, arising at or

a little above the top of the petiole, each with some five or six angular
tertiary branches on the outside; finer nervation strong, consisting of

numerous, often broken, nervilles, very plantanoid in appearance."

Position and Location: Raton: Tercio, New Mexico (Knowlton),
Willow Canyon (St. John-Reagan).

Platanus latoir (Lesquereux) Knowlton. (Fig. 4). U. S. Geol. Serv.,

Bull., 152, 1898, p. 170; idem, Bull. 696, 1919, p. 469; Berry, U. S.

Geol. Surv., prof, paper 112, 1919, p. 84.

Platanus aceroides Goppert var. latior Lesquaereux. Am. Jour. Sci.,

2d ser., vol. 46, 1868, p. 97.

Platanus primaeva Lesquereux. Rept. U. S. Geol. Surv. Terr., Vol.

6, (Cret. PI.), 1874, p. 69, pi. 7, f. 2, pi. 26, f. 2; U. S. Geol. Surv.,

Mon. 17, 1892, p. 72, pi. 8, f. 7, 8b, pi. 10, f. 1.

Leaves large, palmately trilobate, broadly rhomboidal in outline;

margin somewhat irregularly dentate, entire at the broadly cuneate base

;

lateral lobes short; intervening sinuses scarcely differentiated; petioles

long and stout; primaries stout, three in number; venation strictly

plantanoid ; texture coriaceous.

Position and Location—Dakota: Kansas, Nebraska, and Minnesota.

Tuscaloosa: Cottondale, Alabama (Knowlton). Raton: Willow Canyon,

New Mexico (St. John-Reagan).

As a concluding remark on this section, it would appear that the

formation in Willow Canyon, from which these leaves were obtained,

is of Raton Age.

Fossil Wood from the Chile and Shinarump Rocks of the Navajo
Country, Arizona.—As has been previously noted, petrified forests occur in

the vicinity of Ganado and at several others places within the reservation

and also just outside to the southward, 2 For the purpose of determining

the trees represented, the writer collected fossil wood at various places in

the area mapped and also at a point along the Keams-Canyon-Holbrook
wagon road about seven miles north of Holbrook. Many slides were made
of this wood, and so far as examination has been carried out, it is found

that the wood belongs to the single species Arcmcarioxylon arizonicum,

though other species are undoubtedly represented. Below is a description

of the species identified.

Araucarioxylon arizonicum Knowlton. (Fig. 5, 6, and 7). U. S. Nat.

Mus., Proc, Vol. 11, 1888, p. 1, pi. 1, f. 1-5; idem, Vol. 13, 1890, p. 285;

Penhallow, Man. N. A. Gym., 1907, p. 207; Knowlton, Am. Forestry, Vol.

19, 1913, p. 210. Araucarites mollhausianus ? Goppert, in Mollhausen,

Tagebuch einer Reise v. Mississippi, nach d. kiisten d. siidsee, p. 429.

2 See Reagan, Albeit B., Stratigraphy of the Hopi Buttes Volcanic Field, Pan-

American Geologist, vol. 41, June, 1924, pp. 355-366,
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Knowlton's description (above) : "Annual ring not apparent to the

naked eye, but under the microscope observed to be present, the yearly

growths being separated by a layer of 2-5 tangenitally compressed cells

;

tracheids with moderately thick walls, which are provided on the radial

sides with a single row of large contigous pores or rarely with two rows

of alternating pores, and on the tangential sides with numerous, sepa-

rated, perfectly round, small pores; medullary rays numerous, composed

of a single series of 1-22 short, superimposed cells; resin ducts none."

The cells shown in the transverse section average .040 mm. in

diameter. The pores of the radial section have an average diameter of

from .02 mm. to .0040 mm. and in the tangential section the diameter of

the pores range from .0027 mm. to .0075 mm.
Position and Location:—Triassic: Fort Wingate and Abiquiu, New

Mexico; Chalcedony Park, Arizona; Cedar City, Utah (Knowlton). Divi-

sion C of the Chinle (Triassic) : Beautiful Valley, northeast of Ganado;
Ganado Petrified Forest, and also along the Keams-Canyon-Holbrook
auto road about seven miles north of Holbrook, Arizona. Shinarump
conglomerate (Triassic): near Cross Canyon on the Ganado-Fort Defiance

wagon-auto road and elsewhere on the Defiance Plateau, Arizona

(Reagan). 3

Figs. 1-7— 1, Sabal, sp. ; 2, Magnolia angustifolia Newberry; 3, Platanus guillelmae

heeri Knowlton; 4, P. latior (Lesquereux) Knowlton; 5-7, Araucarioxylon arizoniaum

Knowlton, (5) cross section, (6) radial section, (7) tangential section.

3 The abundance of fossil wood in this region is almost incredible, and its presence

has made a profound impression on the native tribes. To the Navajos the logs are

yietsobitsin, the bones of Yietso, a monster who destroyed the sun and whose blood was
congealed in lava flows. In the Piute mythology the broken trunks are the spent

weapons of Shinarav, the great wolf god, the accumulated masses marking the sites of

battlefields.
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A SPECIAL CASE OF DRAINAGE ADJUSTMENT NEAR
THE ILLINOIAN DRIFT MARGIN IN SOUTH-

EASTERN OWEN COUNTY, INDIANA.

Arch R. Addington, Indiana University.

The subject of this paper is an area of a few square miles in

southeastern Owen County, Indiana. It is also represented in the north-

western part of the Bloomington, Indiana, Quadrangle. Sections 2, 10,

11, 12, and 14, township 9 north, range 3 west, are the principal areas

referred to in this discussion. The region is marginal to the Illinoian

drift so that part of its topography is the result of glacial outwash
while the remainder is characteristic of the unglaciated section of the

state. The glacial outwash is primarily responsible for the drainage

changes and adjustments herein described.

Fig. 1—A part of southeastern Owen County illustrating topography and present

drainage conditions. The shaded area gives the general relation of the rock ridge to

the glacial boundary. The dotted line gives the location of the stream that formerly

flowed through the gap in the ridge. The area is reproduced from the Bloomington, Ind.,

Quadrangle. Contour interval 20 feet.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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Topography and Drainage. The region is a plain (fig. 1) that is

considerably diversified by sinks, ridges, and valleys. The sinks are the
result of solution of the Mitchell limestone which is the subsurface rock
of the region. The large sinks to be seen in sections 10 and 11 (fig. 1)

are partly clogged with glacial outwash that in some cases obscures the
rock in which the sinks are formed. Many small sinks are present that
are not represented in the figure.

A rock ridge extends from Stogsdill pond in a southeasterly direction

across section 2 and into section 1. It bends to the southwest across

section 11 and then follows a general westerly course beyond the limits

of the mapped area. The shaded portion in figure 1 outlines in a general
way the extent of the ridge.

The upper part of the ridge is composed of clastic rocks belonging
to the Chester group. In places, especially in section 11, the capping
of Chester rocks has been removed thereby exposing the Mitchell lime-

stone which forms the basal part of the ridge. Where this condition

exists sinks are found along the crest of the ridge.

In the south central part of section 11 a low gap crosses the ridge.

This gap is the old surface outlet for the waters that formerly flowed

Fig. 2—The gap through which the surface waters escaped after the subterranean

inlets were clogged with glacial outwash. View to the north. Outwash materials are

found below the gap.

across the outwash plain that is partly preserved in the northwest part

of section 11 and the adjacent parts of sections 2, 3, and 10. The gap,

(fig. 2), is no longer used by surface streams.

The area northwest of the ridge in sections 3, 10, and 11, principally,

is an area of moraine and outwash that is now considerably grooved

by stream erosion. The westernmost part of this plain is drained by the

headwaters of McBrides Creek. These headwaters are rapidly extending

themselves into the glacial plain to the east. Immediately south of

Stogsdill pond, the plain has been very little dissected. The surface

drainage is chiefly by two small branches that become subterranean near

the rock ridge in section 11. The trend of these streams and the slope
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of the plain which they drain is toward the gap in the ridge, a condi-

tion that suggests the gap as a former outlet for the streams. In places

the depth of glacial materials forming the plain reaches 80 feet. The
removal of part of the glacial outwash by streams has resulted in

portions of the plain being preserved as terraces. The terraces are

excellently preserved in section 11, (fig. 3).

Fig. 3—The terrace is of glacial outwash and was formed as the gap was made
lower and as the streams graded their valleys to the level of the subterranean inlets.

The inlet of Myers Branch is just out of view in the foreground of the picture.

The westernmost of the streams that become subterranean in sec-

tion 11 will be referred to as Myers Branch. The other stream in the

Fig. 4—Myers Branch near the sink inlet. An old inlet that is now clogged is located

to the right of the stream and near the cliff shown in the picture,
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northeast part of the section is called Gilmore Branch. These streams

are nothing more than spring branches and are supplied mainly from
the storage of ground water in the glacial materials of the plain. They
have been, however, the important factors in the sculpturing of the plain.

Their drainage area is approximately one square mile.

Myers Branch (fig. 4), after flowing about one-half mile enters a

sink, (fig. 5), at the base of a low cliff of limestone. The elevation of the
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Fig. 5—The sink inlet for Myers Branch. Note accumulation of trash and debris

surrounding inlet.

inlet is 715 feet as determined by barometer measurement. During
periods of run-off the volume of water entering at the base of the

cliff is considerable and at times is backed up as a small lake. Eventually

all is drained away through the subterranean inlets. At times of high

water trash and debris is carried to the inlet and this is sometimes

effective in choking it, so that the actual point of entrance of water into

the ground shifts somewhat from time to time. Figure 5 is the actual

point of entrance for the stream at the present time and is situated to

the left of the cliff shown in figure 4. Two years ago the entrance

of the water was to the right of the stream shown in figure 4.

South of Myers branch inlet about three fourths of a mile is a

large spring known as Blue Spring. The spring appears in the bottom

of a sink, at an elevation of 650 feet. The stream flows across the

bottom of this sink and beneath a wall of collapse fragments, that

represents the collapsed portion of the sink rim. Within a distance of

one fourth mile the spring waters enter Raccoon Creek.

Blue Spring is the outlet for Myers Branch. In a collapse sink

a short distance back of the spring the stream may be seen flowing

through the bottom of the sink. A deposit of freshly washed sand was

found mantling the sides of this sink for a distance of about four feet

up from the bottom. The position of the deposit in the sink indicated

clearly that it must have been the work of the stream flowing through

the bottom of the sink. Sand of a similar character was found in the

bed of Myers Branch near the place where it enters the ground. The
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source of this sand is in the glacial outwash materials that form the

plain in section 11.

Gilmore Branch enters a sink in the northeast part of section 11.

The elevation of the inlet is 750 feet. Near the sink an abandoned
channel follows along the base of the rock ridge and eventually joins the

channel of Myers Branch at the point where that stream becomes sub-

terranean. Gilmore Branch follows this channel only at times of exces-

sive run-off. New sinks are developing about the inlet of the branch and
it will be but a short time until the old channel will be permanently
abandoned.

The outlet for Gilmore Branch is at Gilmore Springs, located to the

east and south of the inlet near the central part of section 12. The
elevation of the spring is 700 feet or 50 feet lower than the inlet of the

branch. The waters of the spring flow into a tributary of Raccoon
Creek that joins the latter near the western part of section 13.

From the previous discussion it will be seen that the area drained

by Myers Branch and Gilmore Branch is a part of the drainage basin

of Raccoon Creek although topographically it is distinctly separated from
the Raccoon Creek basin. It is a part of the Raccoon Creek drainage

area by virtue of subterranean drainage now taking place beneath the

rock ridge that has previously been described. With this description of

existing topography and drainage as a basis, the sequence of drainage

changes that are believed to have occurred here will be discussed.

Drainage Changes and Adjustments.—Previous to the Illinoian

glacial invasion the region was eroded to a mature state in which the

rock ridge formed the divide between Raccoon Creek and the headwaters

of a stream that followed practically the same route as that now
followed by McBrides Creek. By virtue of relative position the valley

of Raccoon Creek was at a lower level than the valleys of the head-

water streams on the opposite side of the ridge. This difference in

valley levels favored the development of subterranean drainage and it

is probable that sapping of the headwater streams by subterranean

drainage tributary to Raccoon Creek was in progress beneath the

ridge. That this condition existed prior to the ice invasion is sub-

stantiated by the large size and stage of development of the sinks and

by the fact that near Myers Branch inlet there is a cavern now clogged

and choked by glacial sands and silts.

As the ice and moraine advanced into the region a small marginal

basin was formed in connection with the rock ridge. The outwash

material from the moraine soon filled the sinks and clogged the sub-

terranean channels that were in existence. Subterranean drainage thus

interrupted, escape for the waters would be by surface drainage. The

escape of the surface waters would take place thru the lowest point of

the basin rim. This was at the sag which crosses the ridge in the

south central part of section 11.

The waters flowing through the sag entered Raccoon Creek which

was also in a laked condition. The old outflow route is indicated by the

dotted line extending from the gap to the valley of Raccoon Creek, a

condition that can be seen in figure 1. The waters flowing through the

9—35508
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gap doubtless lowered it somewhat and as this occurred dissection of

the outwash plain and the formation of the terraces was begun. The
height of the terraces has been increased by the streams grading their

valleys to the level of the subterranean inlets.

Since the glacial invasion there has been a return to subterranean
drainage due to re-excavation of the clogged channels and perhaps to

discovery of new subterranean routes. The present conditions of sub-

terranean drainage represent a post glacial adjustment to the Illinoian

drift. This drift is now being transferred through subterranean routes

to the valley of Raccoon Creek.

The headwaters of McBrides Creek are rapidly encroaching upon
the plain from the west. As these headwaters assume positions farther

and farther eastward some diversion of the waters now becoming sub-

terranean will occur. The eastward extension of the headwaters of

McBrides Creek is a post glacial adjustment on the part of that stream

in attaining a former position with reference to the divide between it

and Raccoon Creek.

The formation of marginal basins and the derangement of surface

drainage along the border of an advancing or receding ice mass are well

known phenomena and numerous illustrations of this sort could be

pointed out. The derangement of drainage in this small area is some-

what unusual in view of the fact that subterranean drainage was the

type interrupted by the glacial outwash. 1 The surface drainage that

followed the clogging of the sinks was an intermediate phase of adjust-

ment between preglacial and post glacial subterranean drainage develop-

ment. The post glacial return of the streams to the subterranean

channels has resulted in the total abandonment of the sag in the ridge

as a surface outlet for the streams.

1 C A. Malott, Indiana Academy Science, 1914, briefly discusses this region in its

relation to the Flatwoods Region of Owen and Monroe Counties, Indiana.
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GEOGRAPHICAL POSITIONS WITH A SEXTANT.

W. A. Cogshall, Indiana University.

The determination of geographical positions by sextant observations

is made by observation of the altitude above the horizon of the sun or

other heavenly body, the time of some standard meridian being known.
From each observation of altitude we may lay down a line on a map, the

direction of the line being at right angles to the direction of the sun at

the moment of observation. The observer is at some point on this line

but one observation does not tell just what point.

If such a line is derived from an observation in the forenoon, and
another in the afternoon when the direction to the sun has changed
considerably, the two will intersect and this intersection will be the

position of the observer and may be read from the scale of the chart.

If now we make several more observations and plot a line for each,

the intersections will increase very rapidly as each new line intersects

many of those already on the map.
I have taken observations of students for several terms and com-

bined them into two maps, one having about 1,200 intersections and the

other about 700. No selection was made other than to exclude those

that fell so far outside the limits of the map as to show either faulty

observations or mistakes in reduction.

The center of gravity of the intersections on each map should be

the most probable latitude and longitude of the point of observation.

The observations were all made at the Kirkwood Observatory on the

Indiana University campus, by students in the course in Practical

Astronomy, with a chronometer which at best was corrected only every

other day and sometimes at longer intervals.

The centers of gravity of the two maps do not vary more than

about 200 feet from each other, and the latitude and longitude from

the two combined lies about 600 feet north of the observatory. The
probability of any pair of observations giving a point as near as this is,

of course, very small, no matter what care is taken in making the

observations or in knowing the time with high accuracy. An uncertainty

in the position of about a mile is expected although many are much closer

than that. With a large number of observers and a large number of

intersections the accidental errors are largely eliminated and a result

attained which agrees with the latitude and longitude of the Bloomington

Quadrangle within a few feet.

After finding this result I was interested to know what might be

expected with a smaller number of observations and greater care. I

accordingly plotted nine lines from my own observations in which I had

taken particular care to know the time exactly and to have observing

conditions good. These nine lines give 25 intersections, scattered over

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."



132 Proceedings of Indiana Academy of Science

much the same territory as the larger number but whose center of

gravity is only about 50 feet from the Observatory.

It seems rather remarkable to me that one's position on the Earth

can be determined so well with no other equipment than a good watch
and a small instrument that can almost be carried in an overcoat pocket.
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THE CALCINATION OF DOLOMITIC LIMESTONES.

Herman T. Briscoe, Indiana University.

The temperature of burning is of especially great importance in the

calcination of dolomitic limestone. Magnesium carbonate is more easily

dissociated than calcium carbonate. There is danger, therefore, that

dolomitic lime may be easily "overturned"; at least, there must be con-

sidered the factor of the magnesia which has been made more or less

inert during the comparatively high temperature calcination of the

calcium carbonate.

Orton and Peppel 1 found that chemically prepared magnesium
carbonate dissociated at temperatures as low as 400° C. Dolomites did

not show any dissociation at 700°, or if magnesia was produced at this

temperature, it was only one-twenty-fifth as active as that produced

from the prepared carbonate. The probable truth of this matter lies

in the fact that chemically prepared magnesium carbonate is really the

basic carbonate. The hydroxide dissociates at a lower temperature than

the carbonate, and the oxide produced from it is very active, since it has

not been subjected to any but very low temperatures. Orton and Peppel

have shown that the oxide, whatever its source, is rendered inactive

by heating at high temperatures. Magnesia, which had been produced

at 900°, was only one-fifteenth as active as magnesia produced at 500°.

Calcium oxide, which had been produced at 1,200°, showed no loss in

activity until it had been heated for several hours.

Kallauner2 concludes that dolomite is a double salt of calcium and

magnesium carbonates. He states that dolomite begins to dissociate at

500° C. and reaches a first maximum at 710-730°. Up to 870°, he found

a slow evolution of carbon dioxide increasing above that temperature

and reaching a second maximum at 900-915°. Kallauner assumes that,

at the lowest temperature of dissociation and up to 730°, the double

salt decomposes into the separate carbonates with the simultaneous dis-

sociation of the magnesium carbonate. The dissociation of the calcium

carbonate reaches a maximum at the highest temperature mentioned.

It seems unnecessary to the writer to explain the 710°-730° maximum
as due to the dissociation of the double salt, since it may be due to the

decomposition of free magnesium carbonate.

Bleininger and Emley3 found that the minimum temperature for the

complete dissociation of calcium carbonate in limestone was 898° C. with

some evolution of carbon dioxide at 800°. In case of dolomitic stones

dissociation at 750° was noticed.

The effect of overturning has been observed and reported by many
investigators. Orton and Peppel have shown that lime burned at 1,200°

1 Orton, Ed., Jr., and Peppel, S. V., Geol. Sur. Ohio, 4th Series, J,, 287.

2 Kallauner, O., Thermal Dissociation of Normal Dolomites, Chem. Zeit., 37, 1317,

also Chem. Abs., 8, 1074.

3 Bleininger, A. V., and Emley, W. E., Trans. Nat. Lime Assoc, 18, 618.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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requires two and one-half times as long to completely hydrate as lime

burned at 900°. Although it has been the general belief that calcium

oxide is the only portion of dolomitic lime that hydrates, there is no
real reason for believing that magnesia that has been produced at re-

latively low temperatures will not hydrate at least partially during the

hydration of the calcium oxide. Kiepenheur4 has shown that the

magnesia may be hydrated to different extents. Campbell"' has shown
that magnesia, that has been produced from magnesite, is capable of a

high degree of hydration if it has been burned at temperatures between
700° and 1,000°. If the temperature of burning is high, correspondingly

less magnesia will be hydrated. Limes burned at different temperatures

and hydrated in the ordinary ways should not contain the same amounts
of magnesium hydroxide and would consequently not possess the same
properties.

The amount of water with which a lime will react in any way is

determined largely by the conditions under which it has been burned, the

temperature and the length of the period of burning. The amount of

the water combined in the form of hydroxides, the rate of slaking, and
the ability of the lime, as it hydrates or after it has been hydrated, to

adsorb water or react in other ways to produce a paste possessing

colloidal properties are at least in part controlled by the temperature

factor. The amorphous or crystalline condition of the oxides, the size

of the grains, whether incipient fusion has occurred, and the densities

of the lime will also be determined by the temperature and time of burn-r

ing. Different crystalline forms and different chemical compounds of the

hydrates may possibly be produced by differences in the rates of hydra-

tion which in turn is determined largely by the conditions under which

the quicklime has been produced.

The purpose of the investigation, therefore, was to determine the

properties of lime produced at various temperatures, especially at

temperatures as far below those used in commercial practice as possible;

to determine the effect of different characteristics of the stones upon the

rate of their dissociation and thus to determine whether calcium and

magnesium carbonates exist as double salts or as solid solutions in

dolomites. The texture of the quicklime and their dry hydrates and the

activity of the limes in the reaction with water were the properties in-

vestigated.

The National Lime Association has assigned numbers to the lime-

stones of their various members. These numbers have been used by the

writer. Two stones have been used which have been assigned no numbers.

These, W 1 and Vienna, are from Knowles and Manitowoc, Wisconsin,

respectively.

Various dolomites were burned at 1,000° C. for different periods of

time. The extent of the burning as well as the activity of the lime was

approximated by the gains in weight, when samples of the product were

placed over water in a closed vessel. The temperature was that of the

* Kiepenheur, L., Hydration of Slaked Dolomitic Lime, Tonind. Ztg., SO, 696 and

also Chem. Abs., 10, 1087.

5 Campbell, E. D., Influence of the Temperature of Burning upon the Rate of Hydra-

tion of Magnesia, Ind. Eng. Chem., 1, 665.
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TABLE 1—Gain in weight during hydration in atmosphere of water vapor

after burning at 1000°

Time of Hydration in Hours 3 20 48 72 96 170 260

103 7.8
4.0
7.6
4.0

28.0
24.4
27.6
24.0

39.6
30.2
38.4
30.8

45 6

35.4
44.2
36.8

50.8
39.8
49.0
40.8

57.4
47.6
56.4
48.6

60 4
52

23 60
47 54 4

laboratory. Results are given in table 1. It will be noted that in each

of the four cases reported that the amount of water taken up by the

lime is much greater than the 17 per cent which commercial limes are

supposed to gain. In the latter case the entire gain is supposedly due
to the hydration of the calcium oxide. From the chemical analyses

of the stones, we learn that, in general, it seems that the higher the

percentage of magnesia, the lower the total amount of water removed
from the atmosphere of water vapor. Vienna and Number 47, for in-

stance, contain larger amounts of magnesium carbonate than the other

stones represented. Dolomites 103 and 23, which produce non-plastic

hydrates, show a greater gain. A relation seems to exist between the

rate of hydration and the porosity and hardness of the stone, which

would be expected to make a difference because of the ease with which

the more porous stones are overburned. Dolomites 103 and 23, which are

generally very closely related in physical properties, show practically the

same rate of hydration and the same final gain. These stones are hard,

dense, and uniformly crystalline in character. The other stones are very

much alike in physical characteristics. They contain numerous solution

cavities and abundant fossils.

Vienna stone was burned at 1,000° for different periods, and the

limes were hydrated as before. The results for different periods of

burning and hydration are given in table 2. A few results on other

TABLE 2—Relation of length of period of burning to extent of hydration

Time of Burning in Hours
Time of hydration in hours and gain in weight in per cent

24 48 72 96 170 240 400

24.4
27.0
24.2
25.4

47.6
45.0
38.5
39.0

54.4 53.0
36.6 50.1

46.0
47.6

29.4 46 2

31.2 45.8
47, 5. 24.0 36.8

46.4
48.0
46.8

54.0
68.4
67.0
64.2

55.1

47, 1

47, y2
47, yz
47, 4 (730°) 34.4

37.6
67 8

47, 8 (730°) 68.0
47, 4 (750°) 36.4 64.6

stones are included to show the effects of low temperature burning. In

general these results indicate that the maximum activity of the lime is

to be obtained by burning it for the shortest period of time that will
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permit the complete expulsion of the carbon dioxide. Attention is also
called to the greater final gains in weight obtained by burning the stones
at the lowest possible temperatures. The activity of the lime is affected
and the total amount of water with which it will combine is decreased
by moderately short periods of burning after the dissociation of the lime-
stone is complete.

When dolomite 47 is burned for one hour the final gain in weight is

more than 60 per cent and is comparable to the gain in weight of limes
from stones 103 and 23 after the latter have been burned for five hours.
When stone 47 was again heated for five hours the total gain in weight
of the lime upon complete hydration over water dropped to a lower level.

This brings out the fact that some of these dolomites are more easily

overburned than others. It would seem that the more readily overburned
stones produce the more plastic dry hydrates.

Samples of the dolomitic limes, which had been hydrated in an
atmosphere of water vapor, were dried in carbon dioxide free air at
100° C. The dried samples showed gains of 47 to 50 per cent over the
weights of the original samples of quicklimes. Some of the water which
is taken up by the lime in a water vapor atmosphere is probably adsorbed
and some is chemically combined. It is not likely that all the water left

in the dried samples is of constitutional character. It seems probabl^
that under these conditions of hydration the magnesia is partially or
even completely slaked. Hydrated forms of the oxides, other than the

commonly accepted hydroxides, may account for a part of this extra-

ordinary increase in weight. Limes hydrated in this manner are not

plastic after soaking, although the dry powders are very finely divided,

soft, and smooth in texture.

The literature is full of conflicting statements regarding the

temperature at which limestones can be completely dissociated. Th"5

theoretical considerations indicate that much lower temperatures could

be employed than those used in practice. Different temperatures were,

therefore, used to calcine the same and different stones, and the properties

of the quicklimes produced were studied. The calcinations were carrie'
1

out in a tube furnace made by wrapping an alundum tube with re-

sistance wire and coating the whole with alundum cement and sheets of

asbestos. The temperature was carefully measured and regulated by

means of a thermocouple. The results are given in table 3. At a tempera-

ture of 750° and after burning for six hours, limestones 103 and 23

still contained large amounts of carbon dioxide. Under similar condi-

tions, stones 47, Vienna, and 65 were completely burned. Stones 103

and 23 produce commercially non-plastic limes, while the others men-

tioned along with 111 and W 1, which were completely burned at this

temperature with a slightly longer period, produce plastic hydrates under

proper conditions. The two classes contain individual members which

closely resemble one another in physical characteristics.

It was found in all cases that limes produced at temperatures below

950° were comparatively hard and crystalline in character. They were

much more active in the reaction with water sometimes combining with

almost explosive violence. The hydrates of such limes were also harsh,

gritty or sandy in texture and non-plastic when soaked. The increased
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TABLE 3—Temperature and the Extent of Dissociation
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Limestone
Tempera-
ture in

Degrees C

Time of

Burning
in Hours

Per cent
C0 2 in

Product
Properties of Lime

650—700
675—710
700—740

750
750
750
750
750
750
800
800
875
935
960
1000

1000

1000
1050—1150

1200
700
700
730
750

800— 860
1000

680— 700
680— 700
740— 760

750
750
750

730— 800
800— 860

900
950
800
750
850

10

10

10

4

8

18

46

7

3

9

11

7

9

1

5

17

y%
'"A

3

5

9

4

9

8

13

6

1.5

4

6

18

9

3

6

23

33
12

2

9

28
24
4
1

7

26
2

1.2

large
14

17

large
32

28

Hard, sandy, active
Hard, sandy, active
Hard, sandy, active
Unburned
Unburned
Hard, sandy, active
Hard, sandy, active
Hard, sandy, active

Hard, sandy, active
Hard, sandy, active
Hard, sandy, active
Hard, sandy, active
Softer and fairly fine

Hard, but smooth and
yields smooth and
voluminous hydrate.

As above
As above
As above
As above

47
47. .

47 Hard, coarse, active

47 Hard, coarse, active
47 Hard, coarse, active

47 Hard, but of fine texture

103

and gives soft hydrate

103 Hard, coarse, active
103 Hard, coarse, active
23
23
23 . .

65
65
Ill

Ill

Wl
Wl
Wl

activity of the limes burned at low temperatures is due to the active

magnesia which they contain and also to the fact that the grains have

not had the opportunity to grow or partially fuse. The amount of sur-

face is therefore greater than it would be if overburning were possible.

In many cases it seems that the original crystalline character of the

limestone has not been completely destroyed during the decomposition

of the carbonates at low temperatures. These limes were found to gain

about 67 to 69 per cent in weight when hydrated over water. This is

considerably more than the gain of the same limes when burned at 1,000°

or higher. When some of the stones were burned at the lowest tempera-

tures, the limes possessed a very pronounced blue or steel color. When
the temperature of burning was above 850°, the color of the lime is white

or slightly pink. When burned at high temperatures for fairly long

periods, the lime becomes brown or buff in color. Whatever the com-

pounds may be that cause these color changes, it seems that they are

finely and uniformly distributed throughout the stones. It is probable

that they consist of ferrites and ferrates, aluminates and silicates but

their composition has not been determined.
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In order to determine the relation of the chemical structure of the

stones to the temperature and rate of dissociation, one gram samples of

different stones were burned for one, two and three hour periods at

600°, and at 650°. These results are given in table 4. From these

TABLE 4—Rate of Dissociation

Limestone
Temperature
Degrees C

Loss in Weight
alter burning

one hour
(per cent)

After
two hours

After
three hours

103 600
600
600
600
650
650
650
650

4.3
3.0
4.0
5.7
14.4

3.6
4.6
11.0

6.7
4.5
5.5
8.3
16.0
5.4
7.5
11.7

10.0
Wl 5.5
Ill 6.0
47 10 7

103 21.5
Wl 8.7
Ill 9 2

47 13 9

results, it may be seen that the rate of burning is slow but progressive

at these low temperatures. Different stones exhibit markedly different

rates of dissociation at the same temperatures.

For a more systematic study of the rate of burning at various

temperatures uniform samples of stone were prepared by crushing and
screening. The material used for the tests passed through a 20 but

stopped on a 40 mesh screen. The loss of carbon dioxide during one

hour of burning was calculated as per cent of the original weight

of the stone samples. Curves showing these results are shown in figure

1. It will be noted that breaks occur in the curve for stone 103 at

temperatures betwees 700° and 735°. In all other cases the curves are

smooth and regular and indicate the gradual, progressive decomposition

of the carbonates. The breaks in the curves represent the decomposition

of double salts. The regular curves represent the dissociation of mixed

crystals or solid solutions. The rapid rate of dissociation of stone 65 at

the lowest temperatures is noteworthy. In general, those stones which

contain double salts show smaller losses of carbon dioxide at the lower

temperatures. This is due to the fact that there is no free magnesium
carbonate until after the dissociation of the double salt at about 725°.

The limestones, which seem to be made up of double salts are dense, finely

crystalline and rather free of cavities and fossils. All other stones are

quite porous and contain mixtures of variously colored materials. The
stones, which are used commercially to produce plastic hydrates, belong

to the class represented by 111 and 47, stones composed of mixed crystals

or solid solutions.
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THE ELECTROMETRIC TITRATION OF SOME
ALUMINIUM SOLUTIONS.

F. 0. Anderegg and G. W. Daubenspeck, Purdue University.

The importance of aluminium hydroxide in soils, in water and
sewage purification and in many other industrial operations has resulted

in numerous investigations; but the satisfactory quantitative results

that have been obtained are rather meager because of the uncertainties

characteristic of many colloidal phenomena. One cause of the difficulty

in getting satisfactory results may be attributed to the variable condi-

tion of the material separating out of molecular dispersion. Since time is

a very important factor in determining the nature of the precipitate it

must be carefully considered. In this investigation the time between

the addition of reagent and the reading was one minute.

The first electrometric titration curve published was that by

HildebrandjU) 1 who titrated aluminium sulfate with sodium hydroxide.

Blum (2) next published curves for the titration of aluminium chloride

with sodium and potassium hydroxides. These curves were found to be

parallel for most of the way but are separated by about 8 cc. of

hydroxide required for the same strength and amount of solution.

Hildebrand's curve lies between the two but nearer Blum's sodium

hydroxide curve. Greenfield with Buswell(3) published three curves

with more dilute sulfate solutions titrated with sodium hydroxide. In

all six of these curves an inflection starts at a ranging from 9 to about

10.5. This inflection is used to support the idea of the aluminium
hydroxide going into a molecular dispersion in the shape of the alu-

mination, A102, according to the reaction.

Al (OH) 8 + OH" § A10 2
"~ + 2H 20.

This contention has been further supported by evidence presented

by Slade and Pollock. (4) Nevertheless the idea suggested by Mahin,

Ingraham and Stewart (5) that the aluminium material changes into a

colloidal solution through the peptizing action of the OH-ion must not

be regarded as being impossible. The tendency of the opalescence to

linger, as noted by Blum and observed in this investigation, together

with the possibility of the formation of a sol so highly hydrated (like

gelatine) that no Tyndall cone would be produced, is significant.

Solutions of aluminium chloride, nitrate or sulface of 0.1N con-

centration have been titrated with sodium, potassium and barium
hydroxides, followed by back titration with hydrochloric, nitric or sul-

furic acid, all 0.1A7 in concentration. Phosphoric acid (O.OliV) were

also used. The course of the reaction was followed with a hydrogen

electrode, readings being taken with a Leeds and Northrup type K
potentiometer. The electrodes were of fine platinum wire 0.5 mm. in

1 Numerals in parenthesis refer to the bibliography.

"Proc. Ind. Acad. Sex., vol. 34, 1925 (1926)."
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diameter and 4 or 5 mm. in length covered with a thin coating of

platinum black. They were tested by placing in 0.05M potassium acid

phthalate solutions after the method of Clark. (6)

The aluminium solutions had been freed from all but a trace of iron

by extracting a "C.P." concentrated chloride solution with a hydrogen

chloride solution in ether or by recrystalizing an ammonium alum. The
aluminium was precipitated by distilling ammonia into this solution fol-

lowed by washing till free from chloride or sulfate. The hydroxide was
then dissolved in redistilled acid. It happened that the aluminium

hydroxide intended for the sulfate was allowed to stand for some length

of time allowing crystallization to take place (7) so that excess acid

was used. Nevertheless for complete solution several days on the steam

bath were required. The pH of this solution was about 1.5 and the

excess acid had to be neutralized before the aluminium hydroxide could

start to precipitate. The alkali solutions used were free from car-

bonate. In making a titration 10 cc. O.IM aluminium salt solution was
used. It was stirred both by the hydrogen gas and by hand with the

hydrogen electrode and suitable increments of base were added followed

by active stirring and reading of the e. m. f. within one minute. Some
pains was taken to make this time as uniform as possible. The tempera-

ture was that of the room, 22 2°. Occasionally an electrode be-

came poisoned, probably by the faint trace of iron remaining. When
this happened the points on the curve immediately preceding the poison-

ing were discarded. The course of the reaction was followed by means
of a Tyndall cone secured by focusing a beam of light from an arc lamp
in the solution. In this way the first appearance of an opalescence was
observed as well as the point of final dissappearance of the cone. Similar

points where visible turbidity appeared or disappeared were also noted.

The results obtained for all the titrations, except in the presence of

the phosphate and sulfate ions, are given in the first figure, which in-

cludes observations made with the following combinations:

Titrations included in figure 1.

lOcc.AlCls, (O.liV) 40cc.NaOH (O.LAO 50cc.HCl (O.liV) 4 times

IOccAICIs, (O.liV) 40cc.NaOH (O.liV) 50cc.H 2SO 4 (O.liV) once

10cc.AlCl„ (O.liV) 40cc.KOH (O.liV) 50cc.H,SO 4 (O.liV) twice

10cc.Al(NO 3 ) 3 , (O.liV) 40cc.Ba(OH), (O.liV) 50cc.HNO 3 (O.liV) twice

10cc.Al(NO 3 ) 3; (O.liV) 40cc.NaOH (O.liV) 50cc.HCl (0.1N) once

10cc.Al(NO 3 ) 3 ,
(O.liV) 40cc.NaOH (O.liV) 50cc.HNO 3 (O.liV) twice

10cc.Al(NO 3 ) 3 ,
(O.liV) 40cc.KOH (O.liV) 50cc.HNO 3 (O.liV) twice

10cc.NaAlO 2 . (0.033iV) 50cc.HCl (O.liV) 50cc.NaOH (O.liV) twice

lOcc.AlCl,, (O.OliV) 40cc.Ca(OH) 2 (0.012V) 50cc.HCl (0.012V) twice

On titrating the aluminate solution the curve was concave upwards
instead of concave downward. When it was cut in two, however, the

transposed parts coincided with the other curves and its data, transposed

in this manner, are included in the figure.
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TC 38 VS IS IT ao 40 60
Fig. 1—The electrometric titration of aluminium chloride or nitrate with bases and

the back titration with acids.

Titrations included in figure 2.

10cc.Al 2 (SO 4
) 3 (0.1iV)

10cc.Al,(SO 4
) 3 (O.liV)

10cc.Al 2 (SO 4
) 3 (O.liV)

40cc.NaOH (O.liV)

40cc.NaOH (O.liV)

50cc.KOH (O.liV)

50ccHCl (O.liV) once

50ccH 2SO 4 (O.liV) twice

50ccH 2SO 4 (O.liV) once

With the appearance and disappearance of opalescence and turbidity,

especially in the steep part of the curve, we find a large probable error

(shown in the figures by the radius of the circles.) P. P. Von Weimarn
has studied the precipitation of colloids, corresponding in this investi-

gation to turbidity formation, drawing the conclusion that, (8) "the

duration of life of dispersoidal systems is determined by a large number
of variables among which the electrical conditions are by no means
always predominant. In fact, the influence of the electrolytes themselves

is the resultant of quite a number of processes and consequently is far

from being always so simple as sometimes represented." Apparently
this conclusion can be extended with equal truth to the formation of

colloidal aluminium hydroxide dispersion from the molecular condition as

well as to the disappearance of both the turbidity and opalescence char-

acteristic of mechanical and colloidal dispersions. The coincidence of the

curves in the presence of several different combinations of ions tends to

show that any specific effect of any of these univalent ions (or sulfate-

ion during back titration) as carried out in this investigation, is ap-
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parently masked by some of the large number of variables referred to

by Von Weimarn.
On the ascending- curves summarized in figure 1 sufficient opalescence

to form a Tyndall cone was observed at a pH ranging from 3.5 to 4.0.

Turbidity was noted at 3.7 to 4.6. Its disappearance occurred at 7.4

to 10.5, while the opalescent material redissolved between 9.5 and 11.8.

On the descending curve for the back titration the corresponding ob-

servations gave points in the ranges, 9.2 to 11.4, 6.8 to 9.8, 2.1 to 4.1 and
1.3 to 2.4, respectively. Obviously in a system with similar phase changes

one can hardly say that aluminium hydroxide will precipitate at some
definite pH. Even for a "precipitation range" the possibility of rather

wide limits in the pH is to be anticipated.
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Fig. 2—The electrometric titration of aluminium sulfate with

tion with acids.

30
ises and back titra-

The fact noted by Britton(9) that the aluminium is completely pre-

cipitated before adding the equivalent amount of base is confirmed in

most of these titrations.

Divalent ions exert, apparently, effects differing slightly from those

of univalent ions. During the titration of aluminium nitrate with barium

hydroxide a turbidity was formed which persisted to the highest pH 12.0,
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and at the lowest, 1.4, on the back titration. At the end of the back
titration in the presence of calcium ions, also, a turbidity persisted as low
as 1.4. The results for the back titrations in the presence of these two
divalents ions are indicated in figure 1 by squares, the side of the

square giving the probable error. The coagulating effect of the two
bivalent ions has slowed up the resolution of the precipitate very ap-

preciably. The first ten cc. of acid should just combine with the alum-
inate to form the hydroxide. Further acid should cause re-solution with
the production of aluminium ions and it is here that the pH is being

lowered excessively because the hydroxide precipitated in the presence

of these divalentions is probably too compact to redissolve very much
during the time allowed for our titrations.

On titrating four sulfate solutions (fig. 2), the first opalescence

appeared at pH 2.0, 2.2, 2.5, and 3.5 respectively. The first three

values are unusually low. The average point of turbidity formation was
4.05 in the presence of sulfate as compared with 4.25 for the chlorides

and 4.37 for the nitrates. The final disappearance of both turbidity

and opalescence was nearly at the same point in all solutions except

those containing barium and calcium ions.

A break similar to that noted by previous workers at a pH of 9

to 10.5 was observed in about one third of these experiments, for

both parts of the curve. The method utilized here, of taking the read-

ing just one minute after addition of the reagent, tended to obscure

this inflection by allowing insufficient time for the reaction with its

change in phase. Hence the failure to observe inflections cannot always

be considered definite evidence against the existence of an action of this

kind. (10)

Phosphoric acid is of different character from the other acids

used in this investigation. It is quite weak but has three hydrogens

which can usually be replaced one by one, although with increasing

difficulty. With aluminium it forms three salts, mono-, di-, and tri-

aluminium phosphates, (primary, secondary, or tertiary salts.) (11) On
titrating phosphoric acid and sodium hydroxide against each other

Davis, Oakes and Salisbury (12) obtained two points of inflection for

primary and secondary salt formation only. Wendt and Clarke (13)

obtained two clear points of inflection on adding saturated calcium

hydroxide to phosphoric acid for the primary and the tertiary phos-

phates. They regarded the secondary phosphate as unstable. Hoffmann
and Gortner(14) have titrated phosphoric acid with both sodium and

calcium hydroxides. With sodium hydroxide breaks in the curves were

obtained for primary and secondary phosphates while with calcium

hydroxide only primary and tertiary salts were formed. A careful study

of the published curves indicates that, while a valuable advance has

been made, experimental work of much higher precision is needed to

establish with any satisfactioon at all the second and third ionization

constants for phosphoric acid. Thus, the third ionization constant

has been given (15) as 3.6xl0-13 or by Prideaux(16) as 3.0xl0-12
. Cal-

culating from curves given by Davis, Oakes and Salisbury with con-

ductivity water (their figures 8 and 9), the values 2.8 and 3.4x10- 5

are obtained.

10—35508
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In figure 3 results are given for two titrations of aluminium
chloride, to which phosphoric acid has been added, with sodium hy-

droxide. The points of inflection occur at pH 3.3-3.5, 5.3-5.8 and 8.2-8.7.
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Fig. 3—The effect of the addition on the titration of aluminium chloride with sodium

hydroxide and back titration with hydrochloric acid. Three points of inflection are

observed, especially on the ascending curves.

On titrating back with hydrochloric acid the marked buffer action of

the aluminium keeps the pH high. This curve is in direct contrast

to that obtained by Hoffmann and Gortner on back-titrating calcium

phosphate with hydrochloric acid. On our curve small deviations from

a continuously smooth curve indicate points of inflection, but not de-

cisively. The pH. for the formation of the tertiary phosphate agrees with

that observed by Wendt and Clarke for tricalcium phosphate and with

the secondary sodium phosphate pH determined by Davis, Oakes and

Salisbury. The pH of the primary salt is 3.3 or 3.5 for the ascending

and about 4.7 for the descending curve. If one might take the mean of

these, a value would be obtained similar to that taken from the curves

of Wendt and Clarke or Hoffmann and Gortner or recorded by Davis,

Oakes and Salisbury for monocalcium and monosodium phosphates. In

the work of Wendt and Clarke some indication was obtained of a

temporarily existing dicalcium phosphate. Two curves are given by them

with points of nearly vertical slope at about pH 5.5 which is similar to

the middle inflection point on the ascending curve in figure 3.

A back titration with phosphoric acid is given in figure 4. A curve

for hydrochloric acid is given for comparison. The points of formation

and dissolution of both opalescence (marked C) and turbidity (marked
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T) are about the same as in the absence of phosphate. During the

back titration the opalescence became visible on adding 10 cc. of acid

insufficient, however, to neutralize the excess base. On adding 10 cc. more
of the phosphoric acid a break was obtained in the curve correspond-

ing to tertiary aluminium phosphate at this point with pH of 8.7

Another ten cc. resulted in a second break at 7.0 with the formation of

to 40 to 4o G>o oo l«>

Fig. 4—Aluminium chloride titrated electrometrically with potassium hydroxide and
titrated back with hydrochloric and phosphoric acids. The latter give three points of

inflection corresponding to three aluminium phosphates.

the secondary salt. The next break occurred at pH 4.7 and required 20

cc. more acid. To neutralize the excess base and precipitate the hy-
droxide should have required 30 cc. This amount of acid brought the

solution to the neutral point but the inflection at 8.7 indicates the forma-
tion of some tertiary salt while a similar inflection occurred at pH 7.

From this point 10 cc. of acid should have been just sufficient to form
the monoaluminium phosphate but 20 cc. was required for the next
inflection because of the slow solubility of the higher salts.

The conclusion of H. T. S. Britton(17) that, "Hydrogen-ion con-

centrations, which are peculiar to the various hydroxides, are inde-

pendent of both the a-ion and the precipitant and which only slightly

influenced in dilute solutions by changes in concentrations of the metallic

salts, have to be attained before any hydroxide can be precipitated," is

not confirmed for aluminium hydroxides under the conditions used in

these experiments.
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Summary. Aluminium salts have been electrometrically titrated

with sodium, potassium, barium or calcium hydroxides and back titrated

with hydrochloric, nitric, sulfuric or phosphoric acid waiting just one

minute after addition of the reagent before reading the e. m. f. In

the presence of univalent ions similar curves are obtained but they show
the minor variations characteristic of phase changes in systems where
colloids are formed, precipitated or dissolved. It is, therefore, necessary

to think in terms, not of points, but of ranges of precipitation and dis-

solution.

Calcium and barium ions slow up the rate of resolution of aluminium
hydroxide formed from aluminate solutions by acid. In the presence of

sulfate ion, the opalescence due to colloidal aluminium hydroxide may
appear at a pH as low as 2.0. Turbidity, also, tends to be produced at

low pH's. The sulfate ion has comparatively little effect on the back

titration curve. Inflections have been obtained for three phosphates of

aluminium at pH's about 4, 7 and 8.5 and the results have been com-

pared with similar points for calcium and sodium phosphates.

On back titration of an alkaline aluminium phosphate solution with

hydrochloric acid the buffer action maintains a high pH at first and only

minor inflections for the three salts were observed.
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NOTE ON THE SINGING HYDROGEN FLAME.

W. M. Blanchard, De Pauw University.

A common lecture experiment in the presentation of the subject of

Hydrogen to chemistry students is the production of the tones made by

burning hydrogen from a small tube thrust up into a larger tube. A
suitable burner for this purpose is an ordinary brass blowpipe bent

back into a straight tube. The author has had such a tube in a drawer

of the lecture table for several years and has never failed to get the

desired results. In making the experiment recently before a class he

found the tube missing. Selecting another blowpipe at random and

straightening it out he was unable to produce the singing tones even

after several trials.

A series of experiments soon showed that the singing film can be

produced within tubes ranging from seven to forty millimeters inner

diameter provided the flame is made very small, four to six millimeters

high, and does not burn from too large an orifice. Brass tubes with

orifices from 0.5 to 1.23 mm. diameter were used. With an orifice

larger than 1.0 mm. one must lower the outer tube cautiously over the

flame or the violent vibrations produced will extinguish the flame almost

the instant the sound is produced.

The singing flame can be produced equally well with outer tubes of

glass, silica, porcelain, or brass.

NOTE ON THE COMBUSTION OF A CANDLE IN
CHLORINE.

W. M. Blanchard, De Pauw University.

A common lecture experiment on chlorine is the lowering of a

burning candle in a jar of chlorine. The candle continues to burn but

with a very smoky flame, much carbon being liberated and the region

above the burning candle becoming filled with vapors of hydrogen
chloride.

It does not seem to have been observed that if the burning candle

is lifted out of the jar it becomes extinguished as it passes through the

atmosphere of hydrogen chloride but is relighted if it is quickly thrust

back into the chlorine. This can be repeated several times. The
ready ignition of the vapors of the material arising from the candle

wick makes a striking phenomenon.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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DETERMINATION OF PERCENTAGE BY VOLUME OF
OXYGEN IN THE AIR.

Ralph W. Hufferd, De Pauw University.

Fit a gas-collecting- bottle or flask of 75-200 cc. capacity with a

one-hole rubber stopper. Remove the stopper and fit it on a dropping

funnel with a constricted stem so that the stem reaches two or three

inches below the stopper.

Completely fill the bottle with water and force in the stopper and
funnel, the stopcock being open so that the water will be forced up into

the funnel. Close the cock and pour out the water that is in the funnel.

Open the cock and remove the stopper and funnel from the bottle allow-

ing the water in the stem to flow into the bottle. With an ordinary

measuring cylinder measure the water in the bottle and record the

volume as "Volume of Air."

Again adjust the stopper and funnel to the empty bottle in the same
position as before. The cock should be open. Close the cock and in-

troduce into the funnel 20 cc. alkaline pyrogallic solution. Open the

cock and allow a few drops of the solution to flow into the bottle. If the

solution does not flow, set the bottle into a beaker of cold water for a

moment. As soon as a few drops have entered the bottle close the cock

and remove the bottle from the cold water. Carefully rotate the bottle

so as to wet the sides with the solution. Open the cock and continue

rotating and shaking the bottle until no more solution flows into it.

This usually takes about five minutes. Care must be taken that at no

time the funnel be allowed to become empty so as to permit air to

enter the bottle. The funnel should be filled with water when most

of the pyrogallic solution has run into the bottle.

When no more water will run into the bottle, close the cock and

pour out the water in the funnel. Open the cock and remove the stopper

and funnel as before, allowing the stem to drain into the bottle. Measure

the solution in the bottle and record the volume as "Volume of Oxygen".

Without further precaution consistent results of close to 20%
can be obtained. By using a large pan or crock of water and getting

the air to a constant temperature before adding, and while adding,

the absorbing solution, more accurate results can be obtained with

little added effort.

'Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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CONTINUATION COURSE IN CHEMISTRY.

John White, Rose Polytechnic Institute, Terre Haute.

A better name for my topic perhaps would be "Observations on the

Teaching of Chemistry to College Students", for that more nearly

describes what I purpose to say here.

For some time past there has been criticism of science teaching in

our colleges, criticism which is in part justified and certainly is in

part unjust. Be that as it may, it has in one science at least aroused

those responsible for the instruction to attempt a careful consideration

of the spirit and purport of their teaching, together with an evaluation

of its results. Through the Division of Chemical Education of the

American Chemical Society a committee has been appointed to conduct

such study and to make recommendations both as to the topics required

in a standard high school course in chemistry, and also for a first year

college course in the same.

This committee has published through the medium of the Journal of

Chemical Education (Vol. 1, No. 5, May 1924) a preliminary suggested

outline for such college course, which is now under discussion and

criticism before being put in final form.

I think we are all of us agreed that there should be a proper

correlation between high school and college chemistry courses to avoid

duplication and uneconomical use of time; the difficulty is to work these

out to the best advantage taking in consideration educational, cultural,

industrial and local interests and needs.

In planning the college course, which is the one to which we shall

direct these remarks, the definite objectives to be attained by such a

course should be thoroughly understood by those responsible for the

course and then the work planned in such manner as will best lead to

the attainment of these objectives. These objectives are necessarily

somewhat diversified and are influenced in part by the amount of

previous instruction which the students have had, the maturity of the

students, and to some degree by the locality of the college.

There was a time, not long ago, when practically all students enter-

ing college came without even an elementary knowledge of chemistry.

Necessarily their college training was that of beginners. Now-a-days

many of the high schools are well equipped for instruction in this field of

knowledge and consequently a considerable proportion of those entering

college have had some training in chemistry. Unfortunately not all

have had this training and so far as my experience goes it tends to

show that there is a great diversity as to the quality of such training

and how much of it the student remembers. In many of the high

schools the chemistry course consist largely of an accumulation of

information, most of which has been forgotten by the time the boy enters

college, but upon which the student prides himself as having "had

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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chemistry" and on the basis of which he sometimes resents being put in

classes with beginners. Of course this has nothing to do with the

training which he should receive in college except that it makes it

somewhat more difficult to reawaken his interest, unless perchance he
plans to take up advanced chemistry. One way of dealing with students

of different degrees of preliminary training is of course to arrange them
in sections and give them work on the basis of such training and that

is being done at some of the colleges; but in some it is impossible and
it is not always necessary. It is or should be possible to plan a course

that will not discourage or overpower the beginner—unless too immature
—and which at the same time will interest and stimulate the better in-

formed. This is perhaps not the ideal solution, nor do I put it forward
as such, but I do maintain that it need not be discouraging to the

teacher. It will call upon him for more thought in planning his course,

greater resourcefulness in its presentation, will require rather more
time given to the needs of individual students and will above all call for

a better acquaintance with the student as an individual.

As to the objectives to be sought for in the teaching of first year

college chemistry, obviously this is a matter of opinion and may be

influenced by various local conditions to some degree, but the writer

holds, in common with a number of others with whom he has discussed

the subject, that, taking into account the fact that the usual freshman

course in chemistry is for a large per cent of the class the only formal

presentation of the subject that they will get, we should endeavor to

accomplish the following things:

First, To use the course as an educative influence, and for an

explanation of this I am willing to abide by the statement made by
President Hopkins of Dartmouth when he says: "The purpose of a

college education is to give a man complete command of his faculties

and the ability to think clearly and independently". There are few

subjects that, rightly used, are better adapted to this sort of logical

training in habits of thought and of reason than chemistry.

Second, To use it as a means of cultivating the scientific spirit,

or method, which is to approach any subject with an open mind, to

state the problem clearly, then bring to bear upon it all known facts,

from these to plan experiments designed to test or prove their ap-

plicability, and finally to draw, by a process of logical reasoning, the

proper and justified conclusion. Chemistry lends itself to all this

most admirably.

Third, To connect the known facts of chemistry, and the funda-

mental principles upon which they are based, with the applications which

can be and are made of them in the service of mankind. This includes

its service to the home, to agriculture, to health, to medicine and to

industry, with the maximum number of applications to local industries,

or to things with which the student is familiar. Chemistry is a

practical science and this fact should not be lost sight of.

Other objectives of course will naturally suggest themselves to you,

but I think a little study will show that most of them are included

under those mentioned. After all, the chief objective of all education

is to give intellectual training. If our students can learn to think,
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if they can be trained to use what they know and to develop judgment,

we shall have attained the chief end of all education. For those who
plan to take up the systematic study of chemistry this is the best founda-

tion as well.

I have purposely not attempted to state what topics shall be in-

cluded in such a continuation course, perhaps those which have been

or are to be indicated by the committee before mentioned will do as

well as any. What is of importance is that whatever is used shall

be properly used and with the objectives in mind which have just been

given.

The writer would plead for a little better and more universal pre-

liminary training of high school students in chemistry, particularly in

Indiana. This would materially aid me and others in increasing the

content and perhaps in improving the quality of the continuation course

in chemistry as given in the colleges of the state. Chemistry is a subject

far-reaching in importance, concerning which a large percentage of our

so-called leaders in industry, in society and in public affairs are

ignorant, to the very great detriment of our country, but concerning

which the leaders of the future need not and should not be ignorant. It

is incumbent upon us who have the training of the future generations

entrusted to our care to see to it that such is the case.
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POTENTIOMETRIC TITRATIONS WITH HYDRAZINE
SULFATE.

M. G. Mellon and V. N. Morris*, Purdue University.

Hydrazine sulfate is readily recrystallized from water, and serves,

after drying at 140°, as a primary standard * for checking solutions

to be used in titrations involving neutralization reactions. With the

use of sodium hydroxide, the reaction involved may be represented by the

equation

—

2 N 2H 4.H,S0 4 + 2NaOH --> (N 2H 5 ) 2S0 4 + H 20.

To show the completion of this reaction one may use either methyl
red 1 or methyl orange" as the indicator.

Attention has been called previously 3
to the fact that potentiometric

titration curves furnish valuable information regarding the course of

such reactions, and aid one in selecting a suitable indicator for titrations.

The object of the present work was to determine such curves for the

titration of hydrazine sulfate with certain basic solutions.

Materials and Apparatus—Commercial hydrazine sulfate recrystal-

lized three times from conductivity water gave a snow-white appearing

material, which, when dried, was used in making a fifth normal solu-

tion. Using fifth normal hydrochloric acid as a standard, the basic

solutions showed the following normalities with methyl orange as the

indicator:

NaOH — 0.1782; Na 2C0 3 — 0.1776; Ba(OH), — O .1762.

The apparatus employed for following the change in hydrogen ion

concentration during the course of the reactions was the usual poten-

tiometric arrangement of Poggendorff. Although the compressed hy-

drogen used was passed through a washing train including the am-
moniacal copper solution recommended by Badger, 4

difficulties were en-

countered, due, presumably, to a slow poisoning of the electrode. Ac-

cordingly, its surface was replantinized before each determination.

The temperature was approximately 24°.

Experimental Data and Conclusions

—

Titration Curves. 25 ml. por-

tions of the solution of hydrazine sulfate, diluted with a small amount
of water, were titrated with the three bases, sodium and barium hy-

droxides, and sodium carbonate. The results obtained are shown in

figure 1 in the form of the usual type of curves for such work, plotting

pH values as ordinates and volume of titrating solution as abscissas.

It should be kept in mind that the three basic solutions were not

exactly of the same concentration, although appearing so from the curves.

* Experimental work performed by V. N. Morris at University of Minnesota.

1 Kolthoff—J. Am. Chem. Soc. 46, 2009 (1924).
2 Stolle—J. prakt. Chem. [2] 66, 332 (1902).
3 Mellon and Morris—Ind. Eng. Chem., 16, 123 (1924).
4 Ind. Eng. Chem., 12, 161 (1920).

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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The calculated amounts for neutralizing 25ml. of N/5 hydrazine

sulfate are:

NaOH - 28.06; Na,C0 3 - 28.15; and Ba(OH) 2 - 28.37.

/0

40 soJO 20 50
ml of TiTraTincj solution

Fjo-_ l—pH curves showing the course of neutralization in titrating hydrazine sul-

fate with sodium hydroxide, barium hydroxide, and sodium carbonate.

An inspection of the results obtained indicates, so far as such

curves can show, that hydrazine sulfate should be satisfactory for

checking either of the two hydroxides titrated, and may be used for the

carbonate, providing methyl orange is used as the indicator. This work

corroborates the report of Gilbert' for the titration of hydrazine sulfate

with sodium hydroxide. With a pH range of 4.4 to 6.0 methyl red

should be available for sodium or barium hydroxides, but not for sodium

carbonate. In checking this conclusion ordinary titrations were found

to be very satisfactory for the two hydroxides, but the end point was not

sharp in titrating sodium carbonate in the presence of methyl red.

No particular difficulty was encountered when using the latter in-

dicator during the titration of barium hydroxide, even though barium

sulfate was precipitated.

5 J. Am. Chem. Soc. Jt 6, 2648 (1924).
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Stability of Hydrazine Sulfate. In order to obtain information

regarding the stability of a solution of hydrazine sulfate, it was com-

pared with hydrochloric acid after standing about six months. Both

of the acidic solutions were titrated with the three basic solutions,

using methyl orange as the indicator; closely agreeing results indicated

no appreciable change in concentration in the solution of hydrazine

sulfate over this period of time.
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ADSORPTION BY PRECIPITATES.

V. N. Morris, DuPont Fellow, University of Minnesota.

Where is the analyst who has not had his precipitate of barium
sulfate contaminated by iron or barium chloride ? If his sulfates have

escaped, voluminous hydroxides may be his pet abomination. Lucky
indeed is the analytical chemist who is not continually struggling against

the tendency of his precipitates to adsorb foreign material. True it is

that not all contamination can be traced to the colloid chemist's favorite

phenomenon, adsorption, but much of it can. There was a time when the

explanation of this contamination on the basis of adsorption received

little credence, but it is quite difficult at present to account for all of

the cases observed without resorting to adsorption. Mention should

be made of the fact that the term "occlusion", which is quite com-

mon in the text-book, is generally used as a broader term than adsorp-

tion, and may include, in addition to the latter, cases of solid solution,

such as that discussed by Miller,
1 and of insoluble complex formation

as pointed out by Smith 2
in the case of barium sulfate.

Among the various factors which have been investigated in con-

nection with adsorption by precipitates is the relation of the valence of an

adsorbed ion to the degree of adsorption. The early work of Schulze 3

led to the now more or less disputed Schulze's law, i. e., the power of

active ions to precipitate colloidal solutions is a function of their valence.

The results of some investigators have tended to confirm this law, while

those of others have tended to disprove it. The work of Dhar and

Chatterji,
4
for instance, has brought to light cases where monovalent

ions such as silver are adsorbed more completely than divalent and the

latter in turn more than trivalent.

The specificity of adsorption has been frequently observed but has

been given no particularly systematic study. Bancroft' discusses the

fact that salts show decided adsorbtions for their own ions. Thus silver

bromide adsorbs silver nitrate and potassium bromide, but not potas-

sium nitrate. Taking up the subject from a slightly different angle,

Ostwald" states that acids are in general adsorbed more than their

salts; that organic salts are adsorbed more than inorganic; and that

substances with high molecular weight and colloids are especially

susceptible to adsorption. In connection with the latter, a recent study

by Ghosh and Dhar 7 has brought out that freshly precipitated barium

1 U. S. Public Health Repts. 39, 1502 (1924).
2 Contamination of Precipitates. J. Am. Chem. Soc. 39, 1152 (1917).
:! Arsenous Sulfide in Aqueous Solution. J. Prakt. Chem. (2) 25, 43 (1882).

4 Studies in Adsorption. II. Kolloid-Z. 33, 29 (1923).
5 Applied Colloid Chemistry, pp. Ill, 113 (1921).
c Theoretical and Applied Colloid Chemistry, p. 128 (1922).

'Studies in Adsorption. VIII. Kolloid-Z. 35, 144 (1924).

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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sulfate will give almost complete adsorption from colloidal solutions of

metals, sulfides, halides and other common colloids.

Peptization of precipitates may sometimes be accomplished by

means of adsorbed substances. This is particularly easy with freshly

precipitated substances, but becomes progressively less so as the pre-

cipitates age. Examples of this phenomenon are: the peptization of

silver halides by silver nitrate; and of zinc hydroxide temporarily by
alkalies. Bancroft" concluded that, while adsorption will cause peptiza-

tion under suitable conditions, the disintegrating power of the adsorbed

substance is relatively small.

In considering specific examples of adsorption by precipitates, a wide

and sometimes quite unexpected variety in both adsorbed material and

adsorbents can be cited. Thus, Rakusin found that aluminium hydroxide

adsorbs proteins and enzymes; Bleyer10 mentions that this substance will

adsorb bacterial immune agglutinins; while Jacoby and Shimizu11 have

demonstrated that freshly precipitated calcium phosphate will adsorb

urease and zymogen. Interesting adsorbents mentioned by Stocks 12

and others include precipitated starches, dextrins, and gums. Incidental-

ly, the familar starch iodide of the analysts has been shown by Kuster13

and Berczeller 14 not to be a definite compound, as the distribution of

iodine between starch and water indicates adsorption. That such ad-

sorption does not occur in solutions of carbon disulfide or benzene is taken

as a confirmation of the law that adsorption varies inversely as the

solubility of the adsorbed substance in the solvent.

The classes of precipitates whose adsorptions have been studied most

extensively are the sulfates and hydrous oxides. Those which have

been studied to a lesser extent are the phosphates, carbonates, sulfides,

silver halides, and manganese dioxide. A brief discussion of these latter

will be taken up first.

Dhar, Sen and ChatterjT'as a part of a rather comprehensive

study of adsorption by precipitates, found that the phosphates of iron,

aluminium and chromium adsorb the calcium ion; and that the alkaline

earth carbonates adsorb ferric and magnesium ions.

Adsorption by freshly precipitated manganese dioxide has been

studied by Ganguly and Dhar. 16 Among other things an abnormally

high adsorption of ferric salts was noted. Their explanation of this

fact, which is similar to that of Geloso," is the decomposition of these

salts with the formation of hydrous ferric oxide. Some generaliza-

8 Colloid Report: Brit. Assn. for Adv. of Sci. 3 (1918).

9 The Adsorption of Proteins, Enzymes and Sera by Aluminium Hydroxide. Z. Im-

munitats 3k, 155 (1922).
10 Adsorption of Bacteria and Agglutinins by Suspensions and Colloids. Z. Im-

munitats Abt. 1, Orig. 33, 478 (1922).
11 Adsorption of Ferments and Zymogen. Biochem. Z. 128, 100 (1922).
12 Colloid Report: Brit. Assn. for Adv. of Sci. 52, 48, 57, 63, 65 (1917).
13 Starch Iodide and Its Molecular Structure. Ann. 283, 364 (1891).
14 Starch Iodide. Biochem. Z. 133, 502 (1922).

"Studies in Adsorption. II. Kolloid-Z. 33, 29 (1923).
lfi Adsorption of Ions by Freshly Precipitated Manganese Dioxide. J. Phys. Chem.

26, 836 (1922).

"Adsorption of Iron by Manganese Dioxide. Compt. rend. 174, 1629 (1922) ; 178,

1001 (1924).
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tions they drew were: that the adsorption of elements in the same group
of the periodic table is generally in the order of the atomic weights; and
that, while the effects of anions on the adsorption of cations is quite

marked, the reverse is not necessarily true.

Adsorption by silver halides is interesting from an historical stand-

point at least. It was Carey Lea 18 who showed that silver iodide adsorbs

iodine strongly. Germann and Traxler 1 " have recently shown that the

silver iodide must be freshly precipitated and unwashed since the dry
or washed substance will not decolorize an alcoholic solution of iodine.

Fajans and Franfenburger,'-
,<

' working on the adsorption of silver ions by
silver bromide, have recently made determinations of the total adsorb-

ing surface and the adsorbed ions, and have calculated that in a silver

ion solution of a concentration of 1.8x10-' gram ions per liter, ap-

proximately every fourth to tenth bromine atom of the silver bromide
surface takes up an extra silver ion.

Adsorption by sulfides has not received a great deal of attention.

Dhar and Sen 21 have observed that arsenic sulfide, usually a typical

negative colloid, may be made positive by the adsorption of ions such

as barium, aluminium, and hydrogen. Auger and Odinot22 have re-

cently found that while stannic sulfide adsorbs cobalt and nickel, stannous

sulfide does not. Ghosh and Dhar23 have made the interesting observa-

tion that certain sols such as arsenous sulfide and antimonous sulfide

when coagulated with monovalent electrolytes such as the chlorides of

potassium or lithium violate the usual rule and require more electrolyte

when dilute than when concentrated. The explanation offered is that

these sols can adsorb ions carrying the same charge as the colloid

particles and thus have their stability increased.

Dhar, Sen and Chatterji 21 have shown that reprecipitation is often

necessary due to inability to wash precipitates, such as alkaline earth

sulfates, free from adsorbed ions. In this connection they showed that

strontium sulfate, precipitated in the presence of chlorides and sulfates

of various metals, adsorb ferric ions, aluminium ions and other ions

to a smaller extent, but did not adsorb mercuric ions at all. Calcium

and barium sulfates adsorb ferric ions particularly.

Probably the greatest amount of work on any precipitate has been

done on barium sulfate, so a somewhat detailed discussion of this sub-

stance and its adsorptive properties are in order. The explanation of

its tendency to carry down barium chloride, for instance, is not very

difficult from the standpoint of adsorption. Thus Bassett2 "' brings out

that barium sulfate is usually positively charged due to the preferential

adsorption of the barium ions. Since chloride ions are carried down by

18 Action of Light and Reducing Agents on Silver Salts. Am. Jour. Sci. (3) 33,

492 (1887).
3! » Adsorption of Iodine by Silver Iodide. J. Am. Chem. Soc. U, 460 (1922).

2(1 The Thickness of the Adsorbed Layer in the Adsorption of Silver Ions by Silver

Bromide. Zeit. Phys. Chem. 105, 255 (1923).

21 Studies in Adsorption. IV. J. Phys. Chem. 27, 376 (1923).

22 Adsorption of Cobalt and Nickel by Stannic Sulfide. Compt, rend. 178, 710 (1924).

23 Studies in Adsorption. X, XI: Studies in Adsorption. IX. J. Phys. Chem. 29,

435. 659 (1925): Kolloid-Z. 36, 129 (1925).

24 Studies in Adsorption. II. Kolloid-Z. 33, 29 (1923).

25 Colloid Report: Brit. Assn, Adv. Sci, 5 (1922).
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the attraction of particles owing their charges to adsorbed barium ions,

it is quite correct to say, as is usually done, that barium chloride is

carried down. Some of the early advocates of the adsorption theory

as an explanation of the phenomenon were Kuster and Theil 2fi and
Korte. 27

In the systematic study, two general methods for determining

the relative adsorption of ions have been more or less in vogue. One
consists in determining the effect of various ions of one charge on the

precipitation of a colloid that owes its stability to the preferential ad-

sorption of ions of the opposite charge. This method was first made use

of by Schulze. 28 The experimental difficulties make the accuracy rather

doubtful. A second method consists in shaking a solution of known con-

centration with a known weight of solid and pipetting off some of the

supernatant liquid to be subsequently analyzed. Correct results cannot

be obtained unless the solution taken up by the solid is given considera-

tion.

In view of the deficiencies of the above methods, Weiser and
Sheirick29 developed the process of analyzing for the adsorbed ions

directly from the precipitated barium sulfate. A constant amount of

barium sulfate was precipitated by mixing a solution of a given sulfate

with a solution of a barium salt. Thus three ions are kept constant

and a fourth is varied. The small amounts adsorbed necessitated special

methods of analysis, which caused no great difficulty, however.

They obtained several interesting results by the above described

method. The order of decreasing adsorption of the anions studied was:
ferrocyanide, nitrate, nitrite, chlorate, permanganate, ferricyanide, chlo-

ride, bromide, cyanide, thiocynate and iodide. This order is in general

not in agreement with Schulze's law. The barium ion is adsorbed more
strongly than the sulfate ion, so that peptization and anion adsorption

are greater in presence of excess sulfate ions. They concluded that

the two factors which determine adsorption of ions by the adsorbing

agent are: the nature of the ion, and the valence of the ion. The
latter predominates, of course, in the case of ions of the same general

nature.

Weiser30
in an earlier paper showed that barium sulfate could be

stabilized by the preferential adsorption of either barium or sulfate ions.

Barium sulfate comes down very much finer when precipitated with

barium chloride in excess than sulfuric acid, the explanation being that

barium sulfate adsorbs barium, sulfate, and hydrogen ions strongly.

When sulfuric acid is precipitated by barium chloride, the strong adsorp-

tion of a barium and hydrogen ions allows a finely divided precipitate, but

in the inverse case the strongly adsorbed hydrogen ions cut down the

adsorption of the sulfate ions and the precipitate is not so fine.

26 The Determination of Sulfuric Acid in the Presence of Iron. Zeit. anorg. Chem.

22, 424 (1899).
27 Solid Solutions. J. Chem. Soc. 81, 1503 (1905).
28 Arsenous Sulfide in Aqueous Solution. J. prakt. Chem. (2) 25, 43 (1882).
29 Adsorption by Precipitates. I. J. Phys. Chem. 23, 205 (1919).
30 Adsorption by Precipitated Barium Sulfate. J. Phys. Chem, #1, 314 (1917),

11—35508
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Ghosh and Dhar31 have made an interesting study of the effect

of varying the amount of barium sulfate present. With 0.8923 grams in

a total volume of 100 cc. there was practically no adsorption of elec-

trolytes, sugars, dyes, and similar substances but with 3.2092 grams
present the electrolytes were noticeably adsorbed.

Before leaving barium sulfate it is only just to mention that this

usually troublesome tendency may be put to some service, as Pierce32

has devised a method of using a precipitate of barium sulfate as a

carrier for adsorbed material such as titanium hydrate.

Considerable study has been devoted to hydrous ferric oxide. Dhar
and Sen33 have been interested in the charge reversal of this precipitate,

and have found that the freshly precipitated substance, ordinarily posi-

tive, passes into a negative colloid when shaken with arsenous acid,

boric acid, or tartaric acid. Weiser and Middleton,34 by analyses of

precipitates, found different amounts of chloride, bromide, iodide, and
nitrate ions to be absorbed by hydrous ferric oxide, while Kato,35 judging

from coagulation effects, concluded that the same amounts were adsorbed.

The former authors explain their variable results by the fact that, since

neutralization of a colloid by an electrolyte precedes precipitation, there

are two phases in the adsorption process. The total amount of ions

carried down then is the sum of those adsorbed by the charged particle

during neutralization and by the neutral particle during settling.

Equivalent amounts will be adsorbed in neutralizing but varying amounts
afterwards.

Hydrous aluminium oxide has been studied to such an extent that

it may well be considered the rival of barium sulfate for the greatest

popularity among adsorption workers. Mention of this substance has

already been made in the case of enzymes and proteins. Davison36 has

shown how this hydrous oxide will decolorize various dye solutions,

while Lockemann and Pancke 37 have studied its tendency to carry down
arsenic from solutions.

Charriou 3* has used hydrous aluminium oxide in his studies of the

replacement by other ions of the chromate ion, which is adsorbed in

proportion to its concentration in the solution. His first observation was
that the adsorbed chromate ions, which impart a yellow color to the

precipitate, could not be removed by washing with hot water or the

usual salt solutions, but could be removed by washing with ammonium
hydrogen carbonate solution. Evidently carbonate ions are adsorbed

more than chromate ions. More extensive studies brought out that

halides, nitrates and acetates did not displace adsorbed chromate ions, but

that phosphates, sulfides, sulfates, oxalates, and tartrates entirely dis-

placed them. He drew two general conclusions to the effect that adsorbed

31 Studies in Adsorption. VIII. Kolloid-Z. 35, 144 (1924).
32 U. S. Patent 1,468,867: C. A. IS, 155 (1924).
33 Studies in Adsorption. IV. J. Fhys. Chem. 27, 376 (1923).
34 Adsorption by Precipitates. II. J. Phys. Chem. 2Jt , 30 (1920).
35 Colloidal Barium Sulfate. Mem. Coll. Sci. Eng. Kyoto Imp. Univ. 2, 187 (1909).
36 Experiments in Dyeing. J. Phys. Chem. 17, 737 (1913).
37 Detection of Small Amounts of Arsenic in Organic Materials. Z. Kolloidchem.

8, 273 (1911).
38 Adsorption of Acids by Hydrated Alumina Precipitates, Compt. rend. 1 76, 679,

1890 (1923).
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substances are replaced from precipitates by substances of the same
kind but of higher valence, and that if two substances have the same
valence, the more concentrated will displace the less concentrated.

That adsorption may disturb chemical equilibrium is indicated by
IshizakaV-

' observation that potassium dichromate is converted into

chromate by the presence of powdered alumina. Weiser and Middleton,40

in discussing this case, call attention to the fact that an equilibrium

exists

—

Cr,0 7
= + H : 5 2H+ + 2Cr04=.

Alumina adsorbs hydrogen ions much more strongly than it does the

other ions present, the result being of course to shift the equilibrium

to the right, since adsorbed hydrogen cannot react.

Weiser41 has also made a study of hydrous chromic oxide. The
precipitating power of anions on the positive colloid was found to be

much the same as with hydrous ferric oxide, while that of cations on

the colloid when negatively charged decreased in the order: barium,

lithium, sodium, and potassium ions.

One other hydrous oxide, that of tin, has been given attention by

Weiser. 42 He concluded that "purples", such as the famous "purple of

Cassius", result from the adsorption of colloidal gold, silver and platinum

by hydrous stannic oxide. He also explained the interesting fact that a

mixture of the hydrous oxides of tin and iron are dissolved by dilute

ammonia, whereas ferric oxide alone is not. Hydrous stannic oxide is

peptized by hydroxyl ions. The colloidal oxide thus produced adsorbs

ferric oxide and carries it into colloidal solution.

Precipitations in the presence of mixtures of electrolytes have been

studied by Ghosh and Dhar43 and Weiser.44 The adsorbents with which

the studies were made by the latter investigator were hydrous ferric

oxide and arsenic sulfide. He found that, when the precipitating power

of the ions in a mixture is similar, the total action of the mixture is

additive, since the adsorption of the precipitating ions is similar. On the

other hand, when the mixture contains electrolytes of widely differing

power, the effect of the mixture may be far from additive. One ion

may have an "antagonistic" action on another, or tend to stabilize a

colloid of the same charge. Cases have been found where the pre-

cipitating value of the mixture is even greater than additive. This

condition was observed in the case of arsenous sulfide using mixtures of

lithium chloride and either barium or magnesium chloride, and mixtures

of hydrochloric acid and magnesium chloride.

Any attempt at summarizing the various contributions to the subject

as a whole could not fail to disclose more or less of a tendency toward

discrepancy in the results obtained. This state of affairs should not

cause any alarm, however, as a similar condition is encountered in the

39 The Relation between the Precipitation of Colloids and Adsorption. Z. Phys. Chem.

83, 97 (1913).
40 Adsorption by Precipitates. III. J. Phys. Chem. H, 630 (1920).

41 Hydroun Oxides. III. J. Phys. Chem. 26, 491 (1922).

42 Hydrous Oxides. IV. J. Phys. Chem. 26, 654 (1922).

43 Studies in Adsorption. X, XI. Studies in Adsorption. IX. J. Phys. Chem. 29,

435, 659 (1925). Kolloid-Z. 36, 129 (1925).

« Adsorption by Precipitates. V, VI. J. Phys. Chem. 25, 665 (1921) : 28, 232 (1924).



164 Proceedings of Indiana Academy of Science

early stages of any branch of the science, when a standardization of

methods has not yet been established. As the study becomes more
comprehensive, as it has been becoming during each of the last four

or five years, various standardizations of methods should make results

more comparable, and it is quite justifiable to expect that within the

near future the knowledge of adsorption by precipitates will be on a

somewhat more exact basis than is the case at present.
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THE HIGH FREQUENCY RESISTANCE OF CONDENSERS
IN SERIES.

R. R. Ramsey, Indiana University.

The results of Callis
1 and of C. N. Weyl and S. Harris 2 are so

different from the values usually assumed, values deduced from low fre-

quency measurements, it seems desirable to get a check on the results.

Many of the attempts made to check the results seemed to be reasoning

in a circle. As an illustration I give the attempt to check by measuring
the resistance of two condensers in series.

Since the resistence of each condenser is known at any dial setting

it was thought that the resistance of the circuit could be measured
with one condenser in the circuit and then two could be placed in series

in the circuit and the resistance could be measured again and the law

of variation could be checked.

The condensers were placed in the circuit as shown in figure 1. The
single condenser was placed in the circuit and tuned to the frequency of

O-i

^VW-I
Fig. 1—At left, circuit with condenser whose capacity is C ; at right, circuit with

two condensers in series whose combined capacity is equal to C.

the oscillator and the resistance measured. Then the single condenser
was replaced by the two in series and the circuit tuned to the same
frequency and the resistance was measured again. To our surprise it

was found that the resistances of the two circuits were the same, which
amounts to saying that the resistance of two condensers in series is the
same as that of a single condenser.

If we assume that the resistance of condenser varies inversely with
the capacity, we have

r x = K/Ci and r 2 = K/C 2

for the resistances of the two condensers. Then since

R = r, + r2

for series connection. Then

R =K/Cx + K/C 2 = K(l/Ci + 1/C) = K(C, + C/CiC,) = K/C
where C, is the capacity of the two in series and since the circuits
were tuned to the same frequency it is also the capacity of the single
condenser in the first circuit.

1 Phil. Mag. 1926.
2 Inst. Radio Eng. Proc. 13, 109. Feb., 1925.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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Thus if the capacity of a condenser varies inversely as the capacity

the resistance of any number of condensers in series is a constant pro-

vided the effective capacity is constant.

I might add that this will be true also if the resistance of a con-

denser is small enough to be neglected.

ON THE RESISTANCE OF RADIO CIRCUITS.

R. R. Ramsey, Indiana University.

In a radio circuit we have resistance, inductance and capacity. The
current, I, is given by the well known formula for alternating current

E

/ -t~\ \ where E is the electro-motive force, R, L,

V r. + fe - Lw)

and C are the resistance, inductance, and capacity, respectively. When
1

= Lw, the impedance will be a minimum and the current
Cw

rent will be a maximum, or I=E/R.
In alternating current of low frequency we have voltmeters by means

of which the E. M. F. and difference of potential between various points

can be measured. In high frequency work we have no voltmeters. The
only measuring instrument we have is a thermal ammeter which de-

pends upon the heat developed in the circuit.

In measuring the resistance of a radio frequency circuit there are

two general methods—the impedance variation method and the re-

sistance variation method. In the first the resistance is calculated

from the change of the square of the current produced by a certain

change of the capacity of the circuit. The second depends upon the

change of the current produced by inserting known resistance in the

circuit. In the resistance variation method the circuit is tuned until

the current is a maximum, or I=E/R. Then resistance is inserted and

the value of I is noted. As a particular case resistance is inserted until

E
the current is one-half of the original current, then I 2 = —

2R

and the resistance inserted is equal to the resistance of the circuit. The

resistance thus formed is that of the coil, condenser and of other

devices which may absorb energy from the circuit. It is comparatively

easy to measure the total resistance of the circuit but is very hard to

measure the resistance of any part of the circuit. Thus, to measure

the resistance of a coil it is necessary to know the resistance of the con-

denser and other parts of the circuit. It will be necessary to define

the term resistance. Resistance as used here means anything which
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absorbs energy. Thus the heating effect of a current through a re-

sistance is PR, the square of the current times the resistance. In a

condenser, energy may be absorbed and appear as heat, due to resistance

of the connections, to dielectric absorption, to eddy currents set up in

the plates, and to other causes. When we speak of the resistance of a

condenser we mean that resistance which when placed in series with a

perfect condenser the FR losses or heating effect of which will be the

same as that produced by the condenser in question.

¥
Fig. 1—At left, diagram showing a perfect condenser in series with a resistance ;

at right, showing- how the actual resistance of a condenser may be in series or in

parallel with a condenser.

It has been customary to assume that the resistance of the con-

denser is very small or zero for practical purposes. 1 This assumption

is due to the fact that measurements at low frequency, 1000 to 3000

cycles, show that these losses are all due to the dielectric and that these

losses diminish as the frequency increases, and that if the losses obey the

same law at high frequency, 1,000,000 cycles, that they do at 1,000 cycles

then the losses are negligibly small. This does not take in account

any loss due to eddy current or other effects which do not appear at

low frequency.

It has been shown by Weyl and Harris 2 and by Callis
3 that the

resistance of a variable condenser varies from about 1 ohm to 15 or 20

ohms. The approximate law is that the resistance of an air condenser

varies inversely with the capacity. These values are quite different

from those usually assumed. If these results are true, all the measure-

ments of the resistance of coils are too large, since it has been assumed
that all the resistance of the circuit was in the coil.

These results can be checked by heat determinations. The coil or

condenser can be placed in a calorimeter of some sort and the losses,

heat developed, can be measured. Knowing the heat which is propor-

tional to FR and the current, I, the resistance, R, can be determined.

Heat measurements are not as accurate as a general thing as electrical

measurements but an approximate value can be made.

I have made some preliminary measurements by placing the coil in

an inverted pyrex beaker cemented to a glass plate through which

electrical connection and a glass tube are cemented. A second pyrex

beaker contains a wire of known resistance. These two beakers are

connected together by a U tube in which a small amount of water is

placed. Thus we have a sort of differential thermometer. When the

coil is heated the air expands and changes the level of the water in the

tube. This level is again restored by passing current through the re-

sistance wire. If the two beakers are alike in every respect then the

heat developed in one is the same as that developed in the other, and
1 Phys. Rev., Vol. 21, p. 53, 1923.
2 Inst. Radio Engineers. Proc. 13, 109, Feb., 1925.
5 Phil. Mag., 1926.
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FR=i2
r, when I and R are the high frequency current and resistance

and i and r are the D. C. current and resistance. The results indicate

that the coil resistance is considerably less than the resistance of the

circuit as measured by the usual method. This indicates that the con-

denser resistance is greater than zero. Measurement of the heat de-

veloped in the condenser by the same thermometric method indicates that

the resistance is measurable but is somewhat less than that obtained by
Weyl and Harris and by Callis. The sum of the resistance of the con-

denser and of the coil is less than that of the circuit. Since these

measurements are energy measurements it indicates that there is more
energy developed in the circuit than that which appears as heat in the

coil and the condenser. If we were to put the condenser and coil in a

differential thermometer as described above, then there will be a cer-

tain amount of energy escape through the walls of the pyrex beaker.

Energy is radiated into space. The extra amount of resistance is

radiation resistance. It is known that a circuit containing an aerial

has radiation resistance, but it has been assumed that an ordinary cir-

cuit does not have a measurable radiation resistance. Thus it is de-

sirable to make more refined measurements on radio circuits in order

to be able to separate the resistance of the coil from that of the con-

denser and determine the radiation resistance.
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RECENT PROGRESS IN NITROGEN FIXATION.

A. T. Child, Rose Polytechnic Institute.

Ever since about 1830 Chile has furnished the world with most of

its fixed nitrogen in the form of sodium nitrate. By fixed nitrogen we
mean nitrogen in some available form such as ammonia or nitric acid

or sodium nitrate. A sure supply of fixed nitrogen is a fundamental
necessity in peace times or war. In peace times we must have fixed

nitrogen to produce fertilizers, nitric acid and other necessary chemicals.

In war a supply is absolutely necessary in order to supply armies with

the constant stream of high explosives demanded in modern warfare.

During the Great War, Germany was cut off from the Chilean nitrogen.

Yet, because German chemists had developed a commercially successful

process for converting the never failing supplies of nitrogen in the air

into available "fixed nitrogen," Germany was able to carry on her war
activities and maintain the fertility of the soil. Today Germany leads

the world in this line and produces 90 per cent of its own requirements.

Dr. Frederick Cottrell of the Fixed Nitrogen Laboratories at Wash-
ington, estimates that the current year will show a total world pro-

duction of 44 per cent from this source. Just prior to the war only 10

per cent was produced by nitrogen fixation methods. Recent develop-

ments in our own research laboratories indicate that in a few years'

time we shall be able to compete with Chilean nitrate and produce a

large share of our fertilizer nitrogen by fixation.

Present Commercial Status.—At the present time, practically all

commercial plants producing fixed nitrogen, use one of three methods,

(1) the Arc, (2) Cyanamid or (3) Ammonia Synthesis. Below is a

statement of the power requirements of each and the percentage of world

production from each process.
Kw. Hrs. per Metric Total Fixed Nitrogen

Process Ton Fixed Nitrogen Produced—Per Cent

Arc 68,000 7 .

3

Cyanamid 15,000 28.2

Direct Ammonia Synthesis

—

Electrolytic Hydrogen 20,000 2.0

Water Gas Hydrogen 4,000 62.5

The Arc process is chemically the most simple of the three but as

will be seen from the above statement, consumes an enormous amount of

electrical power. It is little used outside of Norway where electrical

power is cheaply produced by water power. Two huge plants utilize

about 380,000 horsepower in making nitric acid by this method. By
this method air is rapidly passed through a furnace at the center of

which is an enlarged electric arc. In passing through this arc the

nitrogen is converted to nitric oxide, then quickly cooled and further

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."



170 Proceedings of Indiana Academy of Science

oxidized to nitric per-oxide and absorbed in water to form dilute nitric

acid. Much of this acid is converted to calcium nitrate, a very satis-

factory fertilizer material and sold as "lime salt petre," or "land salt

petre."

The Cyanamid process is used now in some 33 plants in nine differ-

ent countries. A quarter of the world's production is obtained by this

method. It was widely used in war times, because it was well under-

stood and used only a quarter of the power required by the arc. How-
ever, the process seems rather on the wane as - the newer ammonia
synthesis method is supplanting it in many localities.

In this process limestone is first converted into calcium carbide in

an electrical arc furnace and tapped into pots to cool. The finely

pulverized carbide is next charged into relatively small electrically heated

fixation ovens. Here very pure nitrogen, obtained by fractionating liquid

air, is passed into the carbide. The carbide rapidly absorbs the nitrogen,

forming calcium cyanamid, the primary product of this process. A con-

siderable amount of cyanamid is used in mixed fertilizers. During the

war much of the cyanamid was converted to ammonia by autoclaving

with steam at 300 pounds pressure. Ammonia can readily be oxidized

by the Ostwald catalytic method to nitric acid and then combined with

ammonia to form ammonium nitrate for high explosives.

In this country we have one small arc plant near Seattle which

produces three tons per day of sodium nitrite. The American Cyanamid

Company operates a carbide plant on the Canadian side near Niagara

Falls. Crude cyanamid and crude sodium cyanide are produced there.

Near New York this company also operates a plant which converts

cyanamid into ammonia and absorbs much of the ammonia in phosphoric

acid from Florida phosphate rock. The product is called Ammos-Phos

and is mostly exported. It is a high grade fertilizer material.

In order to assure the steady supply of nitrates for explosives, a

cyanamid plant was built at Muscle Shoals. The plant cost the govern-

ment $70,000,000, and was rated at an annual production of 40,000 tons

of ammonia. Part was to be converted into nitric acid by the Ostwald

method of oxidation and part into ammonium nitrate for the production

of Amatol, the high explosive used in shell bursting charges. The

plant never really produced during the period of the war but was given

a very thorough test during 1919 with satisfactory results. The plant

has been in stand-by condition ever since. The ultimate disposal of this

plant awaits the report of the president's special commission.

The Direct Ammonia Synthesis Method is the newest of the three

processes. Germany alone of the warring nations understood how to

operate it, thanks to the immense labors of Dr. Haber and associates

which culminated in a plant at Oppau, to produce 110,000 tons of am-

monia per year, finished in 1913. This plant operated all through the

war. Another plant at Mercesberg of 220,000 tons capacity was 75

per cent operating at the close of the war. This process requires very

pure nitrogen and very pure hydrogen, and unites these gases in molecular

proportion to form ammonia in the presence of a carefully selected

catalyst under conditions of high pressure and temperature. In the

German process 200 atmospheres pressure and a temperature of 500
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degrees C. is used. The gas mixture is obtained, in Germany, by mixing

water gas and producer gas. Carbon monoxide is next converted by
means of steam under pressure and the inevitable catalyst into carbon

dioxide and hydrogen. The carbon dioxide is scrubbed out with water

under high pressure and the other harmful impurities absorbed in

cuprous ammonium formate solutions. This, in brief, is the Haber-

Bosch process as used during the war and it is understood, still used

in much the same form today in Germany.
In this country Nitrate Plant No. 1 was built during the war

at Sheffield near Muscle Shoals at a cost of about $13,000,000, with a

capacity of about one-fifth that of Plant No. 2 at Muscle Shoals. This

plant was built under the supervision of the General Chemical Company.

The process installed was a modification of the Haber process, the cata-

lyst and general procedure for which had been worked out by the

General Chemical Company. Because of lack of confidence in the

process, Plant No. 2 was projected and built. The fears for the success

of Plant No. 1 apparently were only too well founded. The plant never

operated in a satisfactory manner. After the war the General Chemical

Company, starting with the experience gained from this plant built

a plant at Syracuse, N. Y., which is now successfully operating and

producing about 26 tons of anhydrous ammonia per day. The price of

anhydrous ammonia for refrigeration has virtually been cut in half

during the last year, largely because ammonia from fixation plants has

entered the market. One result of this new factor in the ammonia
market will be the production of more ammonium sulphate for the

fertilizer trade at by-product coke plants.

At Niagara a plant using the Italian modification of the Haber
process is to be built. This method uses electrolytic hydrogen which

requires very little purification to be satisfactory for synthesis. A pres-

sure of 600 to 750 atmospheres is used.

The papers have had a good deal to say lately about the new
Dupont Plant near Charleston, West Virginia. This plant is to pro-

duce 25 tons per day of anhydrous ammonia, all of which will be con-

sumed by Dupont. The process uses the Claude modification of the

Haber process. It requires a very high pressure, about 1000 atmos-

pheres. It is understood that at this high pressure the ammonia yield

is better and that less sensitive catalysts can be used. The hydrogen

for the process is to be produced by converting West Virginia soft coal

into water gas. The nitrogen is produced by the following simple but

very effective procedure. By mixing the proper proportions of air and

water gas together in a special burner, the oxygen is all burned out of

the air and the gases remaining are in the right proportion to make
ammonia when passed through the converter. The final purification is

accomplished by passing the mixed gases through a purification tube

under the same pressure used in the ammonia converter. Here in the

presence of a catalyst, the residual carbon monoxide is converted to

methane, a gas which does not poison the catalyst in the actual am-

monia converter. The product is anhydrous ammonia. In this method

of ammonia synthesis several converters, in series, are used instead of

one as in the Haber method.
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Results of Recent Research. Great progress has been made in modi-
fications and improvements on the existing fixation processes during the

last two or three years. In Italy the Casale modification of ammonia
synthesis has been successfully worked out. It is to be given a try-

out at a small plant at Niagara Falls. As already stated it uses elec-

trolytic hydrogen. Hence it is best applied where cheap electric power
is available. It is felt that large power plants with off peak power
available may use this process in small units to advantage.

In France, Claude seems now to have perfected his high pressure

method of synthesis. This is to be used by Dupont at the West Vir-

ginia plant. In a large plant it is almost necessary to produce the

hydrogen from water gas because the cost of hydrogen is such a large

item in the total cost of production.

In this country a large share of all we know about recent progress

in fixation methods comes from the Fixed Nitrogen Research Labora-

tories at Washington, D. C. The laboratory is in its sixth year and
is now under the direction of Dr. Frederick Cottrell. It has a staff of

about 75 men and a budget of about $250,000. The laboratories have

done an immense amount of research in many widely divergent fields,

that touch this great problem in some way. The recent results in am-
monia synthesis are probably of greatest interest at the present time.

A process using 300 atmospheres is used.

The hydrogen is obtained by electrolysis. The nitrogen is obtained

from the air, the excess oxygen being burned out in much the same
way as at the Dupont plant. The mixed nitrogen and hydrogen gases

are passed through a pressure purification tube in the presence of a

catalyst similar to the one used in the actual converter, but less sensi-

tive. Here some ammonia is formed, sufficient to balance the cost of the

purification step. The ammonia is condensed out as anhydrous ammonia
and with it practically all gases which would poison the catalyst. The

pure gases are next passed through the regular catalytic converter and

the resultant ammonia condensed. Unconverted gases are returned to

the process. The purification step results in a long life for the catalyst

and high yield of ammonia. One of the most successful catalysts found

is said to consist of the following mixture: iron oxide, 96 per cent;

potassium aluminate, 4 per cent.

Research has proved that the iron catalysts are best and that "pro-

moters" greatly improve the yield. The potassium aluminate is the

promoter in the mixture quoted above. Study has also clearly proved

that two properly chosen promoter substances act far better in the

catalyst mixture than any single substance.

Based on small semi-commercial production the laboratories have

now worked out a typical layout for a three-ton ammonia plant, using

the above process. This modification is to be called the American

Process of Ammonia Synthesis. It is expected that a good many small

plants for producing ammonia for refrigeration, etc., will be modeled

after this layout.

Both the Arc process and Cyanamid processes have been studied,

but it is generally felt that these processes will produce only a small

percentage of the total fixation nitrogen in the future. It is hoped that
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urea and some other ferilizer materials to be used in concentrated fer-

tilizers, can be produced from cyanamid or direct from calcium carbide.

Recent research seems to indicate that this can be accomplished eco-

nomically on a commercial scale.
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THE USE OF DETERMINANTS IN COLLEGE
MATHEMATICS.

Will E. Edington, Purdue University.

In most American colleges it is customary to introduce the idea of

the determinant in the college algebra course as another device whereby
the solution of simultaneous linear equations in two or three unknowns
may be obtained, and then in the remainder of the college course nothing
more is heard of the determinant except possibly for a few lessons on

the theory, that are soon forgotten, or for an occasional use in a course

in the theory of equations or the analytic geometry of three dimensions.

That determinants should be introduced at all, considering the

limited use that is made of them, is difficult to justify, unless the novelty

of a new method of solving a most elementary part of algebra is suffi-

cient, for, from a statistical study of answers made by Freshmen to

questions on final examinations at Purdue, Mr. C. F. Barr, 1
of the

Department of Mathematics, has deduced the result that the students

are far more successful in obtaining correct solutions to simultaneous

equations than in any other type of problem. He found that 94 per cent

of the students under examination attempted the solution of simul-

taneous equations with an average grade of 7.6 out of a possible 10

on the question, whereas in such elementary operations as removing
parentheses and carrying out other fundamental numerical processes, 95

per cent attempted the solution with an average grade of 5.5 out of a

possible 10. The solution of the simple quadratic equation in one

variable with numerical coefficients was attempted by only 85 per cent

of the students, with a success of 6.3 out of a possible 10. Questions on

factoring, simultaneous quadratics, linear fractional equations, loga-

rithms, binomial expansion and complex numbers were attempted gen-

erally by a much smaller per cent of the students, with a corresponding

lower degree of success. These results tend to confirm the belief that

it is a pedagogical mistake to introduce determinants in college algebra

merely to solve simultaneous linear equations, when students as a rule

come prepared with other methods from their high school courses. De-

terminants at this point in college algebra certainly effect no time saving

nor do they economize thought, which is one of the principal functions

of mathematics, for none of their theory is attempted until much later,

if at all, and the third order determinants are usually evaluated by a

method that is of no use for any higher order determinants.

I am a strong believer in the use of determinants in college mathe-

matics, but I do not believe they should be introduced merely for the

sake of solving simultaneous equations. As a matter of economy in

thought and time it would be better to leave the solution of simultaneous

equations in two, three or more unknowns to the course in analytic

1 Characteristic Errors in the Algebra of College Freshmen, Indiana Section of

Math. Ass'n of America, May 9, 1925.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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geometry where a geometrical interpretation may be given to the alge-

braic solutions.

During the past two years, as an experiment, I have prefaced my
course in plane analytic geometry with a few days of theory and drill

in the fundamental properties and operations applicable to determinants

of any order. After defining the rectangular co-ordinate system and
plotting points as the intersections of straight lines, the points being

considered as geometric solutions of simultaneous equations, the expres-

sion for the area of a triangle the co-ordinates of whose three vertices

are given is developed as a determinant. It is then very easy for the

student to see that when the area of the triangle is zero, the three

vertex points are collinear, and hence the condition for collinearity of

three points in a plane is that this determinant vanish. If one of these

three points be a variable point, one immediately has the equation of

the straight line determined by the other two points. Here one may now
introduce the determinant method of solving two linear simultaneous

equations and then find the condition for the concurrency of three

straight lines, which is expressed by the vanishing of the determinant

whose elements are the coefficients of the three equations. Thus one

introduces the seeds of the principle of duality. It is also evident that

the concepts of the parameter and undetermined coefficient may be in-

troduced here through the use of some element of the determinant as an

arbitrary or undetermined constant, to be determined by the conditions

of the problem.

Passing from the study of the straight line to the study of the circle,

the equation of the circle determined by three noncollinear points is

expressed by a determinant of the fourth order equated to zero, and the

expansion of the determinant is comparatively easy. Continuing into the

conic sections the determinant again affords a convenient method of

determining the nature of the conic, that is, the discriminant is most
readily expressed as a determinant.

In the study of space geometry the extension of ideas by analogy is

most forcibly brought out by the use of determinants. Thus one has the

volume of a tetrahedron, the co-ordinates of whose vertices are known,
expressed by means of a fourth order determinant. It is obvious that

the condition that four points be coplanar is that this determinant van-

ish, and if one of these points be considered as variable, the equating

of this determinant to zero gives the equation of the plane determined

by the remaining three points. Likewise the simultaneous solution of

three linear equations in three unknowns is easily handled as the point

of intersection of three planes, and one may also study the nature of

the intersection of three planes by means of determinants and thus

prepare the way for the study of matrices and the rank of a matrix.

The condition that four planes be concurrent is easily expressed by
means of a fourth order determinant. The student now passes to the

study of the sphere and quadric surfaces with a working knowledge of

determinants that is certain to be of great aid in advanced space

geometry and the theory of equations. A comparatively easily expanded

fifth order determinant equated to zero gives the equation of the sphere

determined by four non-coplanar points, and the discriminant for the
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general second degree equation in three variables is a determinant of

the fourth order. Thus the beauty and generality of certain funda-

mental procsses are emphasized. If time permits one may develop de-

terminants which when equated to zero give the equation of a plane

through a given point and parallel to two given lines, the condition that

two given lines in space intersect, and other interesting geometrical

relations in space.

The argument is sometimes advanced that the student does not

acquire as much working strength in analytic geometry by the use of

determinants as by other methods which generally are much more

laborious and much less elegant. This same argument can be advanced

against the use of any formula or short cut. Of course the mere sub-

stitution of values in a formula implies no special knowledge of the

subject, but if the student is held responsible for the derivation of the

formula, he must have a working knowledge of the subject.

The results of this experiment, so far as I can observe any results,

are interesting. At Purdue University only 12 weeks are devoted to

the study of plane analytic geometry and an introduction to space

geometry, and the remaining six weeks of the semester are given to

the study of either college algebra or trigonometry, so that the grade

earned by a student is a composite grade based on 18 weeks of work
and not on analytic geometry alone. However, the students under this

experiment took the same final examinations as all other students

pursuing the analytic geometry course.

In the first group of 21 students under the experiment, 15 passed

the course, three failed outright and three were conditioned. Of the

15 students who passed, 13 returned to school the following year and

took the calculus course. Twelve of these passed the differential calculus

and ten passed the integral calculus. The two who did not pass the

integral calculus were both conditioned and one removed the condition

by special examination the following fall. It is evident that the per-

centage of success following the analytic geometry is relatively high.

The experiment was next tried on a class of students most of whom
had failed previously in either algebra or trigonometry, or had failed in

analytic geometry and were repeating the course. They were irregulars,

mostly second year students. Of this class of 22, 19 passed the course

and 17 of these received the lowest passing grade and none received the

highest passing grade. All except one of those who passed took the

differential calculus and eight passed the course and one ultimately

removed his condition by special examination. This looks like a de-

cidedly negative result, but it is not surprising, for, from a statistical

study of the records of students who constitute these repeating sections,

Prof. C. T. Hazard, of the Mathematics Department at Purdue, has

found that approximately only ten per cent of these students ever

graduate from Purdue. The moral is obvious and the result of the

experiment on this class is not unexpected.

A third section composed of 23 students was experimented upon
during the second semester of last year. Seventeen passed the course

and two were conditioned in the trigonometry portion of the semester's

work. One of these conditions was removed by examination. These

12—35508
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students, if now in school, are at present taking the course in calculus,

and of course no record of their success is yet available.

However, since these students took the same final examinations as

the students taking the textbook course, and since the percentage of

failures has been no higher, it is evident that the use of determinants

has not been detrimental. Furthermore, the one section upon which the

data are complete shows an unusually high percentage of success in the

calculus. Of course these samples are not sufficient to justify any very

definite conclusions, but it is hoped that the results may be of sufficient

interest to encourage others to make the experiment.

It is well known to the trained mathematician that determinants are

almost indispensable in the mathematics beyond the elementary calculus.

Jacobians, Hessians and Wronkians are fundamental in the study of

linear transformations, invariants, differential equations and higher

geometry. The use of determinants in the dynamics of deformable bodies

in homogeneous and pure strains, and in the general theory of oscilla-

tions, demonstrate their importance even to the mathematical physicist.

The curl of a vector and the cross or skew product of two vectors, repre-

sented as simple third order determinants, afford excellent illustrations

of the use of determinants as a means of expressing these important

concepts in a simple and easily remembered manner. Certainly the

use of determinants all through college mathematics is valuable and
worthwhile.

Determinants have been used freely in the college courses of the

past, as such textbooks as C. Smith's Conic Sections and Solid Geometry,

and Williamson's Differential Calculus attest, but during the past 10 or

15 years there has been a decided tendency to ignore the use of deter-

minants in the textbooks on elementary analytic geometry, which is

quite in line with the apparent lowering of standards of the courses in

college algebra, analytic geometry and even the calculus in many
American colleges. Until the standards are again raised to their

former level, or a more selective system of admission to college mathe-

tics courses is developed, this beautiful algebra within the algebra will

likely remain unknown to the average American college student and our

long-suffering superior student will be denied the use of this powerful

mathematical tool. I am convinced that once the farseeing college teach-

ers, who teach mathematics as a means and not as an end, are freed

from the necessity of catering to mass teaching, the use of determinants

will again become general in college mathematics, and our superior

students will find their progress into higher mathematics much
accelerated.
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AN UNUSUAL IMPATIENS BIFLORA—II.

F. M. Andrews, Indiana University.

The writer has previously given an account1 of the unusual Im-
patiens biflora here referred to. Further study of the plant has been

made this year. The specimen which was transplanted did not form
the usual flowers. My first account called attention to this fact. Be-

fore transplanting the specimen to the greenhouse, however, it had
produced a considerable number of the cleistogamous type of small

flowers. This year a large number of plants grew in the moist and
almost completely shaded situation where the original plant was grown.

Like the parent plant, the young seedlings were characterized by a

deep red color from the earliest to the latest stages of their develop-

ment. They grew until killed by frost. None have reappeared in the

original location where the parent plant was first found. This was
the only one in the original habitat and was removed before it had pro-

duced any seed. This year's specimens exactly duplicated the original

specimen, as to form and size of leaves, color, vigor of growth and in

all other respects. A number of this year's specimens were transplanted

to a rather shaded situation among some grape vines and other plants.

These specimens of biflora are feeble competitors in a struggle with

the other annual plants present. The genus is often noticeable for

the dense and crowded growth of the plants under proper conditions,

prominent among which are shade and a moist soil. The struggle

among themselves is such that unusually large numbers may thrive

together without extinction or apparent dwarfing. Even the seedlings

of the plant here discussed show this fact as well as the normally

colored specimens. The writer has observed the ground completely ob-

scured from view by the densely crowded seedlings of biflora, especially

by the colored seedlings. The red specimens, transplanted among the

grape vines, were in part crowded out completely and never emerged
from the two-leaved seedling stage. A few reached a height of one

to two dcm. The soil was suitable for their growth as was shown by
the removal of a portion to another location for these plants.

Like all of the genus this red form is very tender. The supply

of moisture must be abundant and continuous. This unusual form
preserves its red color most perfectly in continuously shaded locations.

This color is affected detrimentally by the admission of sunlight. These
red forms of biflora, like the other forms of this genus, 2 are seriously

injured by drought, which causes color change and stunted growth.

With proper care and attention this red form can easily be grown in

large numbers and is an unusually attractive plant even when flowers

are not formed.

1 Andrews, F. M. Proceedings of the Indiana Academy of Science, 1924, Vol. 34,

pp. 271-272.
2 Bailey, L. H. The Standard Cyclopedia of Horticulture, 1919, 3d Ed., Vol. Ill,

p. 1642.

"Proc. Ind. Acad. ScL, vol. 34, 1925 (1926)."
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ETIOLATION.

F. M. Andrews, Indiana University.

A large amount of work has been done on the subject of etiolation.

Its connection with light was observed by Ray, 1 from that time on by
various investigators, chief among whom was Sachs, 2

G. Kraus 3 and
others. As is well known, light affects the shape of plants. While
etiolated plants generally grow taller, this is not always the case. Ex-
ceptions to this are to be seen in Beta vulgaris the leaves of which
are not diminished in size by darkness. 1 The same holds true of

Cucurbita. Sachs found certain flowers of normal size while Vochting

under certain conditions of darkness observed only small cleistogamous

flowers. Certain flat stems of cacti in the dark may even become shorter

or somewhat radial in structure. Some subterranean structures show
no increase in length. 1 The internal structure especially the pallisade

parenchyma, is frequently considerably changed as shown by Stahl 2 and

others. Some leaves remain of normal size in darkness, as Jost3 found

in Mimosa pudica. Wiesner4 found, however, that growth was stopped

by a light of 1,300 to 5,000 candle power, yet Oltmanns" found growth

continued when light equal to 500,000 candle power was used.

The present investigation deals with measurements of seedlings of

Vicia faba under conditions of light and darkness. These data are, in

part, founded on experiments by Miss E. F. Anderson, Miss M. H.

Coddington and Miss M. E. Spencer. Vicia faba is especially well

adapted to such tests. The seeds were soaked 24 hours before planting,

and since they showed considerable difference in amount of swelling only

those which were completely swollen were used for planting in soil.

These seeds have a large amount of food stored and were grown for

several weeks in darkness for comparison with controls grown in

light. The height of the stems was as follows,

Age of Plant Height of Control Plant Height of Test Plant

1 day 1 cm. 2 cm.

2 days 1 .5 cm. 4 cm.

3 days •2 cm. 9 cm.

4 days 3 cm. 12 cm.

6 days 3.5 cm. 18 cm.

12 days 5 cm. 30 cm.

1 Pfeffer, W. : Pfianzenphysiologic Bd. II, 1904, pp. 98-99.

2 Pfeffer, W. : 1. c, p. 100.

3 Jost, L. : Jahr f. wiss. Bot. 1897, Bd. 27, p. 478.

4 Wiesner: Ueber die heliotropisch. Erscheinungen im Pflanzenreich, 1878, I, p. 37

1880, II, p. 13.

c 01tmanns, Flora, 1887, p. 20.
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The stems of the control plant were, on the average, 7 mm. in

diameter after the third day and were at all times erect. Those of the

test plants were 3 to 4 mm. in diameter, weak, and nearly procumbent.

When brought into light, even when four days old and 12 cm. long,

they never regained the erect habit.

The terminal leaves of the test plant were small, but larger than

those later formed on the stem. These appeared in a measurable form by

the sixth day and averaged 3 mm. wide and 7 mm. long. When the test

plant was placed in the light the leaves just mentioned attained the

following dimensions: On the second day 3 cm. long and 2 cm. wide,

on the fourth day 3.75 cm. long and 2.5 cm. wide, on the fifth day 5

cm. long and 3 cm. wide, on the sixth day 6 cm. long and 3 cm. wide.

Cross sections of the leaves showed the tissues much reduced and

thinner in the test plant. There were only four rows of cells in cross

section while the control had eight rows of cells which were for the

most part larger and had heavier walls. When the test plant was
brought into the light, a trace of chlorophyll was evident in 3 hours

at 25° C. and in ten days all of its leaves were as green as those of the

control.

A cross section of the stem of the test plant showed, in comparison

to the control, a much reduced diameter, thinner cell walls, reduced

parenchyma and a more poorly developed vascular system. The food

substances in the seed of the test plant grown in darkness were ex-

hausted at the end of 31 days. The volume of the plant then measured

130 cc.

MISDIRECTED LEAVES OF SETARIA GLAUCA.

F. M. Andrews, Indiana University.

The writer has performed some experiments with pieces of Setaria

glauca, each piece having one node and parts of two internodes.

Twenty pieces were used. Some were placed horizontally and others

vertically in moist sand. The leaves sheathed the stems in 15 of the speci-

mens in the usual way. In three of the horizontal and two of the vertical

pieces there was a departure from the usual position of the leaves on the

stems. Instead of the leaves arising from the cushion like thickenings on

the exterior of the stem, generally .called nodes, I found an entirely

different arrangement in five of the 20 specimens. In these five specimens

the leaf arose in each case on the interior of the node-like cushion,

growing through that part of the internode which was directed away
from the moist sand. Each leaf finally emerged from the internode and
projected from the cut end to a distance varying from one to three centi-

meters. In two of the five specimens the leaf was of the usual blade-

like shape, while in the other three specimens, the leaf, after emerging
from the internode, assumed a conical bushy or brush-like form composed
of many fine divisions. In all five specimens, the part of the leaf, which
protruded from the internode was green but was completely etiolated

toward the node-like cushion.



182 Proceedings of Indiana Academy of Science

STARCH FORMATION.

F. M. Andrews, Indiana University.

The present paper deals especially with the length of time necessary

for the formation of starch by chloroplasts of different plants in day-

light. Some work of this kind was done by Famintzin and later by
Kraus. Kraus found that starch was formed in Spirogyra in five

minutes in sunlight. The Engelmann bacteria method proves that oxygen

is given off in light and ceases in darkness. The experiments of Kraus
show that the formation of starch occurs with great speed in some plants

in strong light while in Funaria, two hours are required in sunlight and
six hours in diffuse daylight. The release of oxygen begins therefore

long before starch is evident. Where, however, the liberation of oxygen

occurs in the chain of CO assimilation is unknown. 1 The tests of

oxygen should be made with bacteria obtained "from the edges of the

growth" according to Ewart 2 when the bacteria are young and nearly

all motile. Even though chloroplasts can handle CO in feeble light,

the time required for starch formation is increased. Although the

bacteria method is so sensitive that "the billionth part of a milligram

of oxygen can be detected" 1 and is therefore superior to gas analytical

1

method, 2 nevertheless "in moonlight which is about the

600,000

intensity of sunlight" 1
it shows that no oxygen is evolved. The produc-

tion of oxygen, however, can be easily detected in twilight by the

Engelmann bacterium method.

These facts suffice to show that the quality and intensity of light

are extremely important as regards starch formation and hence the

considerable differences in time as found by Kraus. The presence of

CO as well as any traces of oxygen can be easily demonstrated, at

the same time, by the method employed by Ewart. The light which

reaches the chloroplast's light optimal never equals that of direct sun-

light.
1 Since chlorophyll is preserved in the absence of assimilation and

etiolated plants become green in the light without carbon dioxide, there-

fore chlorophyll is not the result of carbon dioxide assimilation as Sachs

and others have supposed1 and Pringsheim's idea about chlorophyllan is

also untenable. 3 Many questions remain for solution, as the first

formed products; whether the same chain is followed in their construc-

tion by the chloroplast; questions of proteid synthesis; of oil from

starch and vice versa; questions of oil in certain plants as Strelitzia and

Vaucheria; the general absence of starch in Allium; the question of

glucosides as first products of chlorophyll activity; of pyrenoids; and

the amount of sugar that must be present in certain cells before starch

formation begins.

1 Pfeffer, W. : Pflanzenphysiologie, 1897.

2 Ewart, A. J.: An Assimilatory Inhibition in Plants, 1896, p. 365.

3 Pringsheim : Jahr f. wiss. Bot. 1879-81, Bd. 12.
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Since starch disappears in light as in darkness in the absence of

carbon dioxide, therefore those experiments in which the starch is re-

moved by darkness before the removal of the carbon dioxide are faulty

and prejudicial to the health of the plant and the correction and in-

structiveness of the experiment. Concentrated sunlight may affect the

chloroplast before it does the protoplasm 3 and hence starch formation is

correspondingly involved. Etiolated chloroplasts show no phototactic

orientation1 as has been shown by Senn and Stahl for the usual

chloroplasts. The studies of Pfeffer, Wilson and H. Haupt show that

the starch of certain cells may disappear entirely in nectar formation.

This is sometimes small in certain cases, for Wilson has shown that

125,000 clover heads produce only one kilogram of sugar, while bees

must obtain the honey of 2,500,000 single flowers of clover to produce

one pound of honey. On the other hand it is often considerable, for

according to Kerner, the orchid Coryanthes may produce 30 grams of

nectar. Various problems remain as in glandular cells, osmotic action

and light influence. Sachs has shown that thin layers of chlorophyll of

only 0.1 to 0.5 mm. in thickness absorb the usable rays, therefore, thick

layers would be useless and the green tissue forms extensive thin areas

as in Agave and Cactus.

The diaphanoscope shows that the light on the interior of thick

tissues is red. Engelmann's method of chloropyll activity is partly ap-

proached in sensitiveness by Pfeffer's chemotatic studies and those of

Overton who observed the attraction of Bacterium termo by the con-

jugation tubes of Spirogyra. The sensitive response of chlorophyll to

light offsets to a degree its small amount. Early quantitative esti-

mates were made by Hansen. Later and better ones were made by

Tschirch who found 0.35-1.23 g. of chlorophyll per square meter of leaf

surface; by Willstater who found 7-8 g. per kilogram of dry material

and by Lubimenko who determined, as is evident, that shade plants

have more chlorophyll than sun plants. Roughly calculated from
Tschirch's estimation four kilograms of chlorophyll would cover 4,000

square meters or about 36,000 square feet. However, a quantitative

estimation for physiological purposes remains to be worked out. The
colorimetric method has also been used in some cases. As stated by

Benecke, the significance of the chlorophyll components is entirely un-

known. By rotating plants containing chloroplasts on a klinostat

Dehnecke found that the starch grains finally were cast out of the

chloroplasts. Certain points in this connection require further study.

Various problems remain to be solved, more extensively than has

been done, on a larger number of plants distantly related and under

different conditions as regards the time of starch formation.

The same plant should be investigated at different stages in its

development. The kinds and intensities of light need further study, as

well as certain closely related species having one or many chloroplasts

in the cell. The recent paper of Molisch on CO? assimilation by dead

leaves requires further study. Iwanoff's new phytoaktinometer is of

decided advantage in determining the physiological sun and sky rays.

Alexandrov has made further studies on the dimensional changes in

chloroplasts and the effect of calcium oxalate crystals on their activity.
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The following algae and other plants show the average time necessary

for distarching as well as starch re-formation at 25° C. under favorable

conditions as shown by experiments performed by Miss Avis Peterson

and Miss F. Ryan and myself. Unfavorable light conditions are also

given for the plants used.

Name of Plant
Time
to

Distarch

Time to Form
Starch in

Sunlight

Time to Form
Starch When
Light is Weak

Approximate
Length of

Life in Dark

1 day 6 minutes 1 hour

Spirogyra crassa 2 days 5 minutes 1 hour 11 days

2 days 4 minutes Yi hour 9 days

Cosmarium Botrytis 2 days 12 minutes Yi hour 10 days

1)4 day 9 minutes 1 hour

2 days 11 minutes \Yi hours

2 days 7 minutes % hour

Marchantis polymorphic!. 3 days 3 hours 8 hours 12 days

1+ days 4 hours 9 hours

Elodea canadensis Leaf ends
3-4 days 8 minutes Yi hour 18 days

2 days 2 hours 6 hours 3 days

1 day 1 hour 4 hours

Bose found that Hydrilla formed starch in ten minutes and about 2.8

grams an hour per square meter. For this "light noon" and "thermal

noon" must be considered. Hydrilla plants in the spring are more active

than the winter plants. Their greatest activity was observed by Bose at

1,200 lux. He also observed an increased activity of about 100 per cent

after thunder storms in Hydrilla due to oxides of nitrogen. The ap-

plication of these points to other plants would be of interest and value,

as well as the work of Baly on sugar construction by means of CO
and ultra violet light.
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ON THE NUMBER OF CHLOROPLASTS IN THE CELLS
OF THE SPOROPHYTE OF ANTHOCEROS LAEVIS.

Atha A. Pinnick, Indiana University.

In a study of the morphology of the gametophyte and sporophyte of

Anthoceros laevis L., the writer was somewhat surprised to find in stained

microtome sections of the sporophyte the presence of but one chloroplast

in each cell, since in the literature one is given the impression that

sporophyte cells contain regularly two chloroplasts (Campbell '18, pp.

121, 142, 597). Inasmuch as the single chloroplast in each cell of the

gametophyte, in all North American species, seems to be an organ as

permanent as the nucleus, it would be natural to suppose that the cells

of the sporophyte might contain two chloroplasts, one being derived from
the egg and the other form the sperm in the form of a very small

primordium.

Hofmeister, as early as 1862, stated in regard to the number of

chloroplasts found in the sporophyte that cells of the upper part of the

young fruit (A. laevis L. and A. punctatus L.) contain without exception

two chlorophyll bodies; but that in the inner tissue of the stem

(gametophyte) the appearance of two chlorophyll bodies is unusual.

Campbell ('18, p. 142), in describing the sporophyte of A. fusiformis

and A. Pearsoni, says that there is a doubling of chloroplasts in the

sporophyte, and specifically that "each epidermal cell contains two large

chloroplasts like that of the gametophyte." He refers also to Schimper
('85) as having noted that the chloroplasts double in the sporophyte of

Anthoceros laevis. Schimper (1 c, p. 21) states that most cells of the

sporophyte contain two chloroplasts; those of the epidermis, however,

several.

The spore mother-cell shows regularly only one chloroplast. There-

fore the presence of two chloroplasts in the vegetative cells of the

sporophyte would be strange and not easily explained. Strasburger

('80) and Davis ('99) have traced the history of the spore mother-cell

and its two divisions to form the tetrad. Barring nuclear details,

it is not at all difficult to observe all phases of the division of the spore

mother-cells in the fresh material, since the spores mature gradually

and the spore mother-cells readily separate from one another.

In a large spore mother-cell the chloroplast is very conspicuous,

and is seen as a thickened mass in one side of the cell. This large

chloroplast is yellowish green in color and contains starch and other

granules, which become more numerous and prominent with further de-

velopment. The chloroplast finally elongates and resembles a thick

crescent curved about the nucleus. As the chloroplast divides the two
equal portions move apart but are connected by cytoplasmic filaments.

The spore mother-cell now elongates and the second division of the

chloroplast is exactly like the first. According to Davis ('99) both

chloroplasts may be active at the same time, or one may be in a more

"Proc, Ind. Acad. Sci„ vol, 34, 1925 (1926),"
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advanced state of fission than the other. The cell finally appears broader,
in proportion to length, and when the four chloroplasts are formed they
are grouped in an orderly arrangement about the centrally placed
nucleus. These chloroplasts are all formed before nuclear division occurs
in the spore mother-cell. After final nuclear division one nucleus re-

mains in contact with each chloroplast.

A. laevis and A. punctatus are the only two species common in the
vicinity of Indiana University. All observations mentioned pertain to the
former species.

Comparisons were made between chloroplasts of the gametophyte
and of the sporophyte. Each cell of the gametophyte shows one very
large chloroplast with the characteristic pyrenoid in the center. This
chloroplast is granular and somewhat globular, while the contents

differentiate prominently with stains. Hofmeister (62) has described the

chloroplasts in elongated cells of older shoots as being flattened and
sometimes spindle-shaped, while they also appear flattened in the

epidermis. Observations seem to verify these conclusions. Hofmeister
('62, p. 7) also found that the chloroplasts in the interior of the

sporophyte are smaller than those in the epidermis. Campbell ('18),

however, seems to imply that epidermal chloroplasts are as large as in

any other cell, for he compares the two large chloroplasts of the

epidermis with those of the gametophyte in A. fusiformis and A.

Pearsoni.

McAllister ('14) in his study of the structure of the pyrenoid of

Anthoceros finds that the sporophyte chloroplasts do not differ from
those of the gametophyte, although they average considerably smaller.

The writer verified this conclusion; moreover, the smaller chloroplasts

of the gametophyte can in no way be distinguished from the larger

ones of the sporophyte. McAllister also agrees that each archesporium

cell of A. laevis contains a minute chloroplast which is difficult to dis-

tinguish from granular cytoplasmic cell contents.

The cells at the base of the sporophyte, adjacent to the cells of

the gametophyte, show regularly one large chloroplast identical with

that of the gametophyte.

While examining preserved material the writer became interested

in the number of chloroplasts found in the sporophyte, since the prepara-

tions showed only one chloroplast in each cell. After careful examination

material was found which showed a very short section of sporophyte

cells where two chloroplasts seemed visible in each cell; but all sur-

rounding cells in the same section had only one chloroplast in each cell.

Fresh material was then collected and with free-hand sections observa-

tions were continued with the result that occasionally two chloroplasts

seemed to be visible in certain rows of cells. However, the majority

of the cells in the same section showed only one chloroplast to the cell.

It seemed reasonable to question whether certain parts of the

sporophyte might contain two chloroplasts to a cell while other parts

would contain only one. Since the stained microtome sections, in a

great number of preparations, showed almost without exception only one

chloroplast to the cell in the sporophyte, this conclusion was drawn:

that probably the free-hand sections of fresh material had the walls
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and layers of cells so obscured that the contents of a single cell would
be difficult to determine exactly. As some of the oblique walls are very
delicate, and do not show clearly in fresh material, one cannot rely upon
free-hand sections to give positive results. Fresh material was treated

with two per cent osmic acid and mounted in dilute glycerine. The
results showed that if two chloroplasts were occasionally found it was
the exception rather than the rule. All stages of young and mature
sporophytes were examined in fixed and stained sections, and the

above conclusion was confirmed.

The writer is convinced after obtaining the above results, that only

one chloroplast is present in the cells of the sporophyte of A. laevis.

Therefore it may be possible that sources of error due to methods of

observation are responsible for the report of the presence of the double

chloroplast in the sporophyte of Anthoceros as published by Campbell

('18), Hofmeister ('62), and Schimper ('85).

One might explain the presence of an occasional double chloroplast

by assuming that after the chloroplast divided the cells failed to divide.

It seemed strange, on the one hand, to expect two chloroplasts regularly

in the vegetative cells of the sporophyte when only one is found in the

spore mother-cell. But, on the other hand, the sporophyte is formed

by the union of two cells or gametes; it therefore would seem that the

sporophyte should have two chloroplasts, if the sperm furnished one or its

primordium, and the egg another.

In the egg cell a chloroplast is present, although somewhat reduced

in size as compared with those of many of the vegetative cells. The
presence of a chloroplast in the egg was pointed out by Schimper (1. c,

p. 7) for A. laevis and for the moss, Atrichum undulatiim, while Scherrer

('14, p. 18) has demonstrated the presence of a well developed chloroplast

in the egg of Anthoceros Husnoti and in A. jyunctatus.

It seems that all observers agree that in the development of the

sperm the chloroplast disappears, and that the chloroplasts of the

sporophyte are derived from that in the egg. It may be reasonably con-

cluded, therefore, that the chloroplast in Anthoceros is transmitted in

heredity by the female gamete or egg cell, and that in all probability

the chloroplast is a permanent organ of the cell.

Whether a primordium of a chloroplast is attached to the sperm in

any of the Bryophyta or Pteridophyta remains to be seen. Primordia

of plastids are very small structures, and it is not impossible that such

structures may be included in the cytoplasmic part of male gametes,

although in the plants in question the presence of a plastid primordium

in the sperm will be difficult to demonstrate.
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SOME ANOMALIES IN THE DEVELOPMENT OF THE
SEED OF PINUS.

Alma Marie Bell, Indiana University.

A very brief study of the formation of the seed in certain species

of Pinus is almost sure to reveal one or more unusual phenomena, or

anomalies, which pertain to the pollen tube, to the presence and location

of more than the normal number of archegonia, to more than a single

endosperm, and to aborted megaspores, as well as to other details.

The Department of Botany of Indiana University has preserved a

number of unusual occurrences in seed development in Pinus and the

slides have been turned over to the writer for study.1

Historical.

Structure within pollen tubes. In each of three species of Pinus,

Ferguson ('04, p. 134) observed an instance of an extra nucleus in the

male gametophyte. She interpreted them as follows: In Pinus austriaca

Hoss. two stalk cells had been formed; in P. Strobus and P. rigida

probably the smaller nucleus had been cut off from the generative cell.

More than the normal number of nuclei have been reported in other genera

of Pinaceae. Arnoldi ('00, p. 56) concluded that two tube nuclei had
been formed in a pollen tube of Cephalotaxus Fortunei. In Podocarpus,

Coker, ('02, p. 93) decided that both the first and second prothallial

cells may divide amitotically. However, several cases, in which more
than two male nuclei are formed from one body cell in Juniperus com-

munis, were noted by Nichols ('10, p. 215). He also says that Noren
('07) found in the same species one instance in which a large body

cell contained three nuclei.

More than one functioning megaspore. The occurrence of two

prothallia, probably derived from two megaspores in an ovule of Pinus

sylvesiris has been described by Farmer ('92), and Hofmeister ('51) as

recorded by Ferguson ('04), and by Bartholomew ('09) as reported by

Coulter and Chamberlain ('10). In Pinus rigida, Ferguson ('04, fig. 260,

plate XXIII) figured one case of two megaspore mother cells in an

ovule. The pollen tube of Pinus austriaca which contained super-

numerary nuclei as described by Mottier ('08) was later found to be

not a pollen tube but a second megaspore. This same slide is discussed

below under the observations of the writer. Other instances in which

two or more megaspores in one ovule may be inferred are as follows:

Two megaspores in an ovule of Taxus baccata by Hofmeister ('51)

as reported by Coker, and in the same species another instance of the

same thing by Jager ('99, p. 249) ; two megaspores in an ovule of

Podocarpus and a case in Taxodium by Coker ('02, p. 97 and '03, p. 15) ;

1 The writer wishes to express her thanks to Prof. D. M. Mottier for material and

valuable assistance received in connection with this study.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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two megaspores in an ovule of Juniperus communis by Sludsky ('05, p.

212) ; in the same species three dividing megaspore mother cells in one
ovule by Nichols ('10, p. 219) ; and two megaspores in one ovule of

Sequoia by Arnoldi as reported by Sludsky ('05).

Number and position of archegonia. One ovule in Pinus Strobus
showed 23 archegonia in the upper part of the endosperm, according to

Ferguson ('04, p. 136). Some of the archegonia had developed from
jacket cells so that part of the archegonia were just below others. She
figures one instance in Pinus resinosa in which a small archegonium is

apparently budding from the larger. Two cases of archegonia having
a similar relationship were observed for P. resinosa, and one for P.

rigida. However, the archegonia in each of these had developed further

than in the first instance mentioned. No neck cells were observed for

any of these archegonia. Another variation in the arrangement of the

archegonia was described for P. montana uncinata, This ovule contained

nine archegonia which extended from the micropylar end down along

one side of the endosperm. When this form of arrangement is present,

funnel shaped openings lead down from the exterior to the neck cells.

As many as three groups of archegonia in one ovule of Pinus

austriaca have been reported by Mottier ('08). These groups were
located as follows: one in the normal position at the micropylar end,

one at the chalazal end, and one at one side. A few instances were

observed in which there was a group near the center. In such cases

there was no connection with the surface. He has also found archegonia

which budded in a manner similar to those described by Ferguson ('04).

One ovule of Pinus maritima showed archegonia arranged along the

side. An instance in which the archegonium had developed far down on

one side in Tsuga canadensis was noted by Murrill ('00, p. 592). As a

result of placing Callilris quadrivallvis in a warm room, Juel ('04, p. 57)

secured some ovules which were abnormal. One ovule contained a

group of archegonia on one side in addition to the one at the micropylar

end.

In Abies balsamea and in Picea excelsa, Miyaki ('03, a, p. 138, '03,

b. p. 364) observed several instances of two archegonia lying one above

the other.

In Cedrus atlantica, Saxton ('23) says that the neck generally be-

comes multinucleate.

Fusion of the archegonia. Instances in which a cytoplasmic union

had taken place on the adjacent sides of two archegonia, were figured

for Larix dahurica and L. europaea by Woycicki ('24). Some of the

archegonia seem to attack the endosperm cells and extend out into the

endosperm. Woycicki ('24) also reports that some of the endosperm cells

contain two nuclei.

Supernumerary nuclei in the central or egg cell. Ferguson ('04, p.

138) noted several instances of the fragmentation of the egg nucleus

and figured one in Pinus Strobus. One ovule of P. austriaca showed an

immature archegonium which contained two daughter nuclei in the

central cell according to Mottier ('08). In two instances in Abies
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balsarnea, Miyaki ('03, p. 138) found two egg nuclei in one archegomum.
Sometimes an extra nucleus was observed in the upper part of an egg
in Pseudolarix, by Miyaki and Yasui ('11, p. 643). From one to three

supernumerary nuclei were often seen in the egg cells ready for fertiliza-

tion in Cedrus atlantica by Smith ('23). In some instances he finds

the ventral canal cell giving rise to the supernumerary nuclei.

Behavior of the nucleus of the ventral canal cell. Sometimes the

ventral nucleus of Pinus Laricio Poiret approaches the size of the egg
nucleus according to Chamberlain ('99, p. 217). He also reports ('10)

that Blackman ('98) and Haydon ('07) describe similar cases in P.

sylvestris. In both P. Strobus and P. austriaca, Ferguson ('04, p. 137)

observed two instances in which the ventral canal nucleus approached

the size of the egg nucleus. There was no membrane, in either case,

cutting off a ventral canal cell. In Cephlotaxus Fortunei an egg which

contained two nuclei but no ventral canal cell was noted by Arnoldi ('00,

p. 54). In Podocarpus, Coker ('02, p. 99) observed that in one case both

the ventral canal nucleus and the egg nucleus divided amitotically into

a number of fragments. Hutchinson ('15, p. 458) says that the ventral

canal nucleus in Abies balsamea slips back into the egg cell and unites

with one of the male nuclei. The behavior of the ventral canal nucleus in

Cedrus atlantica has already been referred to in connection with super-

numerary nuclei in the egg cell (Smith, 23).

Parthenogenesis. Occasionally Saxton ('09) noticed that in some

ovules of Pinus Pinaster containing proembryos in all stages of develop-

ment, there were no pollen tubes in the nucellus or they extended only

a short distance in the nucellus and no nuclei were found in them. In

one ovule he observed that the egg nucleus had begun to divide before the

pollen tube had reached the archegonium while the pollen tube still

contained both sperm nuclei. These phenomenona were interpreted by

Saxton as representing parthenogenesis. Smith ('23) found that in

Cedrus atlantica a proembryo had formed but the ventral canal cell

and neck cells of the archegonium were still uninjured, and there was no

trace of a pollen tube in the nucellus or in the archegonium. Many eggs

ready for fertilization contained from one to three small supernumerary
nuclei which suggested parthenogenesis. However, the author did not

regard the evidence as sufficient to conclude that parthenogenesis took

place.

Behavior of pollen tube. Ferguson ('04, p. 138), in Pinus Strobus,

found a pollen tube which had conjugated with the egg by forcing its

way through the sheath cells at one side of the archegonium. Four nuclei

of the proembryo had formed indicating that fertilization had taken

place. In P. austriaca, Mottier ('08) noted two instances in which the

pollen tube had reached the archegonium before the ventral canal

cell had been cut off, or before the archegonium had attained adult size.

One of these tubes had penetrated the archegonium but had not dis-

charged its contents. One tube started down along the side of the

endosperm. In P. Pinaster, Saxton ('09) also observed a pollen tube

penetrating laterally through the prothallus instead of entering the
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canal leading- to the archegonial neck. The lateral penetration of the

endosperm by the pollen tube in P. sylvestris has been reported by
Haydon ('07).

Observations.

Unless otherwise stated the anomalies which are reported in the

following occurred in Finns austriaca Hoss.

Behavior of the pollen tube.—In the preparations at my disposal,

three instances were noted in which the pollen tube had arrived prema-
turely. Two of these were in Pinus sylvestris and one in P. austriaca.

The archegonia in each case appeared to be quite young. Each had
a nucleus in the upper part of the central cell as the ventral canal cell

had not been cut off. The cytoplasm of this cell was very vacuolate.

Most of these archegonia were immature and had not attained full size.

One of the pollen tubes had reached the archegonium but had not dis-

charged its contents. The other pollen tubes varied in the distance to

which they had penetrated the endosperm; some had just reached the

endosperm, while the more advanced touched the jacket layer. Two
pollen tubes have arrived at one archegonium as shown in figure 1.

A male nucleus from the first is uniting with the egg nucleus, while the

other pollen tube has just entered the egg cell and still contains the two
male nuclei and the remains of the tube nucleus.

The lateral penetration of the endosperm by the pollen tube in

Pinus austriaca has been observed a number of times in the laboratory

at Indiana University.

More than one megaspore. An instance of two megaspores was
observed in one ovule. One megaspore had a well developed endosperm
and contained two groups of archegonia, while the other, which was
adjacent to the larger endosperm, was aborted and contained about

twelve nuclei. The immature megaspore is shown in figure 2.

Lobing of the endosperm. A few ovules showed endosperms which

were rather deeply lobed. The greatest degree of lobing is shown in

figure 3. Here there is a lobe near the micropylar end which is so deep

that in a few sections it seems to be altogether separate from the rest

of the endosperm. Then just a little above this on the left side there

are several smaller lobes varying in size. In other instances observed,

the lobes varied in size from a very small lobe at one end to those which

consisted of about one-third of the endosperm. Two of the ovules in

which the endosperm was deeply lobed contained a group of archegonia

in the lobe as well as another group in the rest of the endosperm.

Number and position of the archegonia. Among the ovules studied

the abnormal location of the archegonia was the most common anomaly.

From one to four groups of archegonia were found. These groups were

located in almost all parts of the endosperm. One ovule showed a single

archegonium which was situated near the center of the endosperm. In

some instances another group of archegonia was present in addition

to those normally occurring at the micropylar end. One case was noted
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Figs. 1-5—All figures for Pinus austriaca Hoss. 1. Longitudinal section of arche-

gonium showing a stage in fertilization. Second pollen tube at the top of the arche-

gonium. The place at which the tube entered the archegonium lies in a different sec-

tion. X 250. 2. Aborted megaspore containing twelve nuclei. X 250. 3. Lobed endo-

sperm. X 50. 4. Longitudinal section of an ovule showing three groups of archegonia,

a, b, c. X-50. 5. Longitudinal section through two archegonia and a part of the third

showing the cytoplasmic connection. X-250.

13—35508
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for Finns austriaca. The position of this second group varied from the

sides to near the chalazal end; and there were a few which occurred

near the center of the endosperm. A few ovules contained a third

group of archegonia which was about midway between the micropylar
and chalazal ends, either near the geometric center or on one side. This

arrangement was noted for one ovule in P. sylvesiris and one in P.

austriaca. One instance showed four groups of two archegonia each.

In this case besides the normal group at the micropylar end there was
a group on either side at the chalazal end and a fourth a little above

these two groups on the left side. Figure 4 shows an ovule in which
three groups of archegonia are present. It contains a total of twelve

archegonia which are arranged in the following manner: one group

of three at the micropylar end, a, a second group of six near the

chalazal end, b, and a third group of three a little below the center

near the chalazal group, c. The group at the micropylar end has two
archegonia on the left side and one on the right. The archegonia in

group b vary in size. Of the four lower ones the two upper archegonia

are larger than the other two. The two upper archegonia and the lower

one on the left side have partially fused, a cytoplasmic union having

taken place at the adjacent sides of the two archegonia on the right

with the archegonium on the left; and the adjacent ends of the two

archegonia on the right have fused. The two remaining archegonia of

this group are to the right and somewhat above the other four. They
are separated from the lower ones by one layer of cells. A cytoplasmic

union has taken place between the contiguous sides of these two. Group
c is above the archegonia just described and almost centrally located.

The jacket cells of the adjacent sides of two of these have disappeared,

and here also a partial cytoplasmic union has taken place. The third

archegonium is just a little above these two in another plane. Some of

the archegonia in the lower groups of figure 4 have jacket cells which

are very much enlarged. These cells contain very large nuclei, and the

cytoplasm is similar in character to that of the egg. The greatest

number of enlarged jacket cells observed for one archegonium was in

the larger archegonium on the right side at the chalazal end. Another

ovule showed archegonia in which the jacket cells were quite large and

contained large nuclei; but here the cytoplasm was more dense than

usual. There were no neck cells for the two lower groups of archegonia.

The absence of necks was frequent in archegonia which were found at or

near the chalazal end and in those near the center.

One archegonium showed both the egg nucleus and the ventral canal

nucleus in the spirem stage before fertilization had taken place.

Supernumerary nuclei of the egg or in the central cell. A few of

the archegonia studied showed from two to six supernumerary nuclei.

Save in one instance, each archegonium containing supernumerary nuclei

in the egg cell had a cytoplasmic connection with the adjacent archegon-

ium. The ovule in figure 4 has four archegonia in each of which there

are from two to three nuclei. Five of the six nuclei found in one egg

cell are shown in figure 5. The sixth nucleus is behind the lower one.

In this case the archegonium has a cytoplasmic connection with the
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one to the left and the one below. The archegonium to the left also has

two nuclei. Some of the archegonia which showed supernumerary nuclei

were very young and contained but little cytoplasm in the central cell.

The nucleoli were very distinct in these instances. There was, in most

instances, very little difference in the size of the nuclei, except in the

case shown in figure 5.

Summary.

A few instances were observed in which the pollen tube had arrived

prematurely.

In one case two pollen tubes had arrived at one archegonium.

One ovule contained two functioning megaspores, one with a well

developed endosperm, and the other with about 12 free nuclei.

Some ovules showed an endosperm which was deeply lobed.

The groups of archegonia in one ovule varied from one to four.

These groups were found in nearly all parts of the endosperm. However,

many of those which were in any other than the normal position at the

micropylar end showed no necks. This was altogether the case with those

near the center. In certain cases a few of the jacket cells were quite

large.

One archegonium showed both the ventral canal nucleus and the egg

nucleus in the spirem stage.

Except in one instance in which there were supernumerary nuclei in

the egg or central cell, the archegonia were united by cytoplasmic con-

nection.

Lateral penetration of the endosperm by the pollen tube was
observed in Pinus austriaca.
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PLANTS NEW OR RARE IN INDIANA—XIII.

Chas. C. Deam, Bluffton.

Specimens of all the plants reported in this paper are in the Deam
herbarium, and in most instances one or more duplicates have been

sent to the larger herbaria.

Panicum mattamuskeetense Ashe. Porter County, August 13, 1925.

Wooded dune near Tremont. The distribution of this species is given

as "low moist ground, New York to North Carolina". Determined by
A. S. Hitchcock. The credit for finding this plant in the dunes is due

to Marcus Lyon, Jr., who has been making an intensive study of the

plant life of the new Dunes Park area for the past four years. The
dunes record for this plant extends the range of the species more than

500 miles.

Stipa comata Trin. Noble County, July 2, 1924. No. 40,826. On
a high gravelly hill on the northeast side of Diamond Lake, about four

miles southeast of Ligonier. This is the second record east of the

Mississippi River. Determined by Agnes Chase.

Fimbristylis puberula (Michx.) Vahl. Porter County, June 10, 1922.

No. 36,435. In a low prairie habitat between the railroad and the

highway about a half mile west of Crisman.

Juncus Greenei Oakes and Tuckerman. LaPorte County, June 26,

1922. No. 36,704. This specimen was reported to be J. dichotomies, but

the one who named it for me later discovered that it is J. Greenei, so

J. dichotomus should be dropped from our flora. J. Greenei has been

reported only for Lake County.

Stenanthemum gramineum (Ker) Morong. Harrison County, July

15, 1925. No. 41,557. A few plants in a sandy clay soil along the

roadside in Sec. 34, about one mile north of Bradford. This is the

first authentic record for Indiana. I reported it for the lower Wabash
Valley for Schneck from a list he had made, but he had no specimen.

Maianthemum canadense Desf. Fernald has described a variety of

this species, and since both the typical form and the variety occur in

Indiana, it is necessary to restate the distribution in Indiana. The typical

form has the under surface of the leaves smooth. I have specimens

from Dekalb, Jefferson, Kosciusko, LaPorte, Marshall, Noble, Porter,

St. Joseph and Steuben counties.

Maianthemum canadense var. interiiis Fernald. This variety has

the under surface of the leaves pubescent. I have specimens from Allen,

Cass, Lagrange, Lake, Noble, Porter and Starke counties.

Dioscorea hirticaulis Bartlett. Spencer County, July 18, 1925. No.'

41,644. In a low flat woods in Sec. 24 in the Little Pigeon Creek bottoms

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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about two and a quarter miles southwest of Hatfield. This species has
been reported only for the fall line along the coastal plain of North
Carolina, South Carolina and Georgia. This extends the range of this

species about 500 miles.

Duchesne indica (Andr.) Focke. Porter County, June 17, 1911. No.

8,763. Roadside bordering an Alnus ineana swamp near Tamarack stop

on the South Shore Traction Line.

Dalea alopecuroides Willd. Clay County, September 11, 1924.

Collected by Mrs. Harry Bucklin of Brazil, in Sec. 24 about six miles

northeast of Brazil. Reported as frequent along the roadside and in an
adjoining fallow field.

Scutellaria parvula Michx. Since the publication of the catalogue

of Indiana plants by Coulter a variety of this species has been described

which makes desirable a restatement of the distribution of this species.

The typical species has a spreading pubescence. I have this form from
Elkhart, Floyd, Martin and Perry counties.

Scutellaria parvula var. ambigua Fernald. The variety is either

smooth or with a sparse appressed pubescence. I have this form from
Clark, Crawford, Harrison, Porter, Steuben and Tipton counties.

Prunella vulgaris var. lanceolata (Barton) Fernald. Our native

plant has been separated from the European P. vulgaris which has been

reported in some places in the East as a weed in yards and waste places.

I have the variety from 52 counties and for years have been on the

lookout for the typical form, but have not seen it. Therefore I suspect

that all Indiana records for this species should be transferred to the

variety.

Mentha longifolia, var. undulata (Willd.) Fiori & Paoletti. White

County, August 4, 1923. No. 39,369. Common along the roadside near

a former habitation about two miles northwest of Monticello.

Ray C. Friesner, Professor of Botany in Butler College, has re-

quested me to report the two following plants:

Lythrum Salicaria L., Marion County, July 1925. This species was

taken on several collecting trips along a stream about one mile south-

east of Irvington. In all, 30 well established clumps were found scattered

along the banks of the stream within a distance of a half mile. A study

of the introduction of this species to this locality led to the discovery of a

single clump of depauperate plants on an old estate about a half mile

up the stream. This clump of plants is located on a slope which drains

into the stream, which no doubt accounts for the plants along the

stream.

Linaria Elatine (L.) Mill. The range of this plant in Indiana is

extended further by Friesner who found it in a pasture field about a

half mile north of Tunnel Falls, Clifty State Park, near Madison

August 22, 1925. It grew in dense mats over many areas, aggregating

several hundred square feet. This additional record for Indiana is given

because of its abundance here and of its habit of growing in dense mats,

suggesting that it may become a troublesome weed.
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RECENT INDIANA WEEDS, 1925.

Albert A. Hansen, Purdue University Agricultural

Experiment Station.

This paper is one of a series of contributions on the subject started

in 1922. It attempts to record the occurrence in Indiana of plants new
to the state, particularly species with weedy proclivities. Established

plants that have recently displayed troublesome tendencies in the state

are also considered. The present paper covers the growing season of

1925.

Fitsroot

—

Astragalus glycophyllos L. An immigrant from Russia,

found in the vicinity of Rochester. On the Louis Murray farm near

Rochester, a patch of this species covering about 1,200 square feet is

said to have persisted for over 50 years. The local name "fitsroot"

was evidently applied to the plant on account of its supposed value in

the treatment of convulsions in children and for nervous disorders, for

which purpose a tea is brewed from the stems and leaves. According to

the owner of the farm, people come from miles around in order to

gather the plant. The species was identified by A. S. Hitchcock, of the

Bureau of Plant Industry.

Japanese Bindweed

—

Convolvulus japonicus Thunb. A handsome
Asiatic species that has escaped from cultivation in Marion County. In

the wild state the specimens collected possessed the double flowers so

characteristic of the plant under cultivation. The identification was
confirmed by James P. Poole, of the Gary Herbarium. The Japanese
bindweed apparently frequently escapes from cultivation in the East but

not in the Mid-west.

Canada Thistle—Cirsium arvense (L.) Scop. A number of distinct

varieties of this common plant apparently grow abundantly in Indiana.

During 1924 the occurrence of C. arvense var. mite was recorded. Two
other common varieties have been observed and specimens collected in

Hancock and Grant counties. They were identified by A. S. Hitchcock as

C. arvense var. vestitum Wimm and Grab., and a form midway between
this variety and variety integrifolium Wimm and Grab. These various

varieties are so distinct that it is frequently difficult to convince farmers

that they are geniune Canada thistle.

Wild Marigold—Matricaria rnatricarioides (Less.) Porter. A very
common species in Tippecanoe County and also collected in Hamilton
County near Atlanta. It makes such a dense growth in barn yards as to

practically exclude all other vegetation. The plant has the aspect of

Anthemis cotula L. and is commonly called fennel by farmers although

1 Contribution from the Botanical Department of the Purdue University Agricultural

Experiment Station.

'•'Proc, Ind. Acad. Sci„ vol. 34, 1925 (1926),"
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it lacks the characteristic odor of dog fennel. The identification was
verified by S. F. Blake, of the U. S. Bureau of Plant Industry.

Stinking Goosefoot

—

Chenopodium vulvaria L. Occurs as a per-

sistent turf weed in Noble County. The species emits a disagreeable odor

that is particularly objectionable when it is tramped upon or mowed.
The identification was verified by J. K. Small, of the New York Botanical

Garden.

Wood Sage

—

Teucrium canadense L. Although not new in Indiana,

this species is ordinarily described as occurring in moist thickets, marshes
and low ground. It has been observed a number of times as a persistent

and troublesome field weed in well-drained land, notably in Carroll

and Wabash counties. It possesses a creeping rootstock that is readily

broken into small pieces capable of starting new patches.

Miscellaneous—Prairie mimosa, Acuan illinoensis (Michx.) Kuntze,

was found growing naturally in Washington County.

Bermuda grass, Cynodon dactylon Pers. is occasionally a troublesome

weed in the southern counties. W. H. Green, of Lebanon, sent a specimen

of Bermuda grass with the notation that it is a serious pest in his

garden with creeping, sharp-pointed roots that penetrate potatoes.

Bermuda grass is one of the most troublesome of weeds in the sandy

areas of our southern states.

On the W. C. Brandeberry farm near Hamilton, perennial sow

thistle, Sonchus arvensis L. was introduced during 1923. In two years

numerous patches have spread over an entire field, the total area of the

patches being approximately one-eighth acre. The species seems to

resist all efforts to exterminate it. This matter is of interest in view

of the great damage caused by the perennial sow thistle in the Red

River Valley of North Dakota and Minnesota.
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AN ECOLOGICAL STUDY OF THE FLORA OF FOUNTAIN
PARK AND PORTIONS OF THE ADJACENT TER-

RITORY, JASPER COUNTY, INDIANA.

Winona H. Welch, University of Illinois.

The writer has been interested for several years in a wooded region

of 70 acres known as Fountain Park, which is located one mile north of

Remington, in Carpenter Township, Jasper County, Indiana. In 189,5

this land was purchased for chautauqua purposes. The accompanying
map shows the parts to which references are made. The flora in section

B is of little value for ecological study because the vegetation is ruined

by the crowds of people who attend the chautauqua and by those having
picnics in the woods. The data recorded in this paper were obtained

in Sections A, C, D, E, and F.

Little has been written on the ecology and taxonomy of the native

flora of Jasper County, Indiana. The vegetation of this county is

largely prairie, but there are a few forest areas, this region being in

the transition belt between deciduous forest and prairie. Many of these

areas have been grazed and the native undergrowth has been destroyed

to a great extent. Fountain Park has escaped this treatment, at least

for many years, and a large number of species and varieties indigenous

to this county grows here. Because of this fact, and because it seems

that the flora of Fountain Park will soon pass into the control of man,

and the future generations may have no exact data concerning the plants

which grow here, the writer has studied this territory.

History—"The beautiful natural grove with its adjoining creek

and springs which now form the grounds of Fountain Park Assembly

is a historic spot. When the Indians roamed undisturbed over the

prairies of the west, this grove was a stopping place on one of their

three great Indian trails crossing Grand Prairie. The Shawnee and

Kickapoo tribes had a village near what is now Oxford in Benton County

and one of the trails leading to it crossed the Iroquois River at Rens-

selaer, Carpenter's Creek at Fountain Park, and Pine Creek at Nutt's

Grove. In summer they enjoyed the grateful shade of the grove and

in winter it gave them protection and fuel. The clear running stream

ministered to their wants at all seasons. Later when the country be-

came sparsely settled by white men the grove became a well known
and much frequented resort of hunters. In 1840 the grove and creek

received their present name 1 from an old hunter named Carpenter, who
stopped here on a hunting trip, became very ill, and his companion
left him with fuel, food and everything he could provide and went to

Lafayette for a doctor. When he came back he found him dead. The
weather became intensely cold and he was frozen stiff. They buried

him in the grove south of the creek. 2 The grounds situated as they are

1 At the time this history was written this area was known as Carpenter's Grove.
2 The exact date is not known but it was about 1835.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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on a direct line from Rensselaer to Lafayette became a regular stopping

place for travelers making the long overland trip. In the early forties

the land was entered by John Jordan and remained in possession of

this family till 1888 when a bed of sand valuable in polishing glass was
discovered in the grove. The land was then purchased by a glass com-

pany of Kokomo. A railroad was built from Remington to the sand

bed and for a considerable time sand in large quantities was shipped to

Kokomo. When this ceased to be profitable, the company took up the

railroad and in 1893 sold the land to Robert Parker. Its natural advan-

tages of location, shade, and water, together with the fact that in former

years it had been used as a camping ground, suggested to him the idea

of making it the location of an assembly." 3 The rest of the land is now
owned by John Jordan of Remington, Indiana.

Geology 4—Jasper County lies in the valleys of the Iroquois and
Kankakee rivers. Carpenter Township, in which Fountain Park is lo-

cated, is in the extreme southwestern part of the county. This part of

the county is a gently rolling prairie of black loamy soil. The whole

county is underlaid by beds of boulder drift, which varies in depth from

20 feet in the valley of the Iroquois River, to nearly 200 feet at some
of the higher levels. The highest rocks in the geological series of the

county are found at Fountain Park, one mile north of Remington. They
are an argillaceous sandstone, having an exposure of about 12 feet on

Carpenter's Creek in the southwestern part of the Park. Stratigraphic-

ally, it is the lower division of the Waverly or Kent Sandstone; some-

times considered a member of the Devonian Age. It is better known
as the subconglomerate sandstone. In former years, this stone was
quarried, but it is not now being worked.

Explanation of Sections of Park. (See Figure 1.)—Section A is an

open oak-hickory wood. At the present time it is used for parking cars

during the chautauqua season during the latter half of August. When
the Remington Fair was held in this grove the animals were kept and

fed there, and many bales of hay and straw were brought for that pur-

pose. At the present time the eastern portion of Section A is used

principally for agricultural purposes. A pump house and tool shed are

located on the map. The vegetation of the black loamy soil of this sec-

tion is very luxuriant. There is one low place in which water stands a

part of the time. This is located near the fence, a few rods southeast of

the present entrance gate.

Section B has been observed but the data are not considered suffi-

ciently valuable for reporting here in detail.

Section C includes an open oak-hickory wood on a sandstone bluff

and the low ground between this bluff and the creek. The trees are

young because this part was cleared of vegetation when the sandstone

3 This paragraph is copied from The History of Fountain Park, which is written

and kept by the histoi-ian of the Fountain Park Association.
4 This information has been obtained from the following sources: Report of a

Geological Reconnoissance of Indiana, made during the years 1859 and 1860, under the

direction of D. D. Owen ; Geological Survey of Indiana—Geological Reconnoissance of

Jasper County by John Collett—1872 ; and Geology and Natural History (Twelfth

Annual Report of the State Geologist of Indiana), by John Collett—1882.
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quarry was established here, about 37 years ago. The north side of

the bluff is exposed and very steep, but the northeastern part gradually

slopes toward the creek. The quarry was established just east of the

dam.

Section D consists of a former gravel pit and a low bluff which

gradually slopes until it becomes the bank of the creek. The gravel pit

has not been in use for about 30 years. It contains water some of the

time.

Section E includes another bluff On the rather steep north side of

which there are rocky exposures. A small ravine divides this bluff.

Across the ravine an earthdam has been constructed at some time. Mr.

Jordan relates that the dam was built to stop the water from going

into Carpenter's Creek; thus forming a pond for fishing. The little

stream has worn its way through the dam and forms a very wet place

in the shade of the bluff. West of the ravine, the slope is gradual and

covered with vegetation.

Section F is the northeast part of the Jordan Grove. Although the

land is high near the highways, it slopes gradually into the broad bank

of Carpenter's Creek.

Method—Section A was divided into 50-foot quadrats and the species

in each quadrat were listed. The number of individual trees was esti-

mated. Specific determinations were not possible in some cases.

The frequency of occurrence of each species was determined by

the number of quadrats in which it was observed. Although this region

has been under observation for several years, the data reported here

were obtained during June and July, 1924, except that Cardamine bulbosa

was sent to me in the spring of 1924.

In Sections C, D, E, and F, the plants were collected, identified, and

habitats noted. Collections were made every week or two from June 6,

1924, to September 10, 1924. One collection was made April 19, 1924, a

second July 24, 1925, and a third August 15, 1925.

Results.—There were 144 quadrats made in Section A. No efforts

were made to count the species in the other sections. The order of

families and the nomenclature is that of Gray's Manual, seventh edi-

tion. The following abbreviations are used: n. = north; w. = west;

s. = south; e. = east; ne. = northeast; q. = quadrat; qs. = quadrats;

sec. = section; and sees. = sections.

Table of Results.

Polypodiaceae.— -Asplenium Filix-femina. 1 q. Wood. Sec. A. Cys-
topteris fragilis. In moss, n. side of bluff. Sec. E. Onoclea sensibilis.

On stony bank of creek w. of bridge. Sec. E. Woodsia obtusa. In moss,
n. side of bluff. Sec. E.

Equisetaceae.

—

Equisetum arvense. Marshy creek bank. Sec. E.

Pinaceae.

—

Junipei~us Virginiana. On slope, two rods ne. of dam.
Sec. B.

Najadaceae.

—

Potamogeton foliosus. Water. N. bank of creek, e.

of dam. Sec. B.
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Alismaceae.

—

Alisma Plantago-aquatiea. Creek bank and low ground
e. of dam. Sec. C. Sagittaria latifolia. Creek bank. Sec. F. low
ground e. of dam. Sec. C.

Gramineae.

—

Agrostis alba. 13 qs. Wood. Sec. A. A. perennans.
5 qs. Wood. Sec. A. Danthonia spicata. At top of bluff. Sec. E. Elymus
striatus. 26 qs. Wood. Sec. A. E. virginicus. Broad, marshy bank of

creek, ne. of bluff. Sec. C. Festuca nutans. 13 as. Wood. Sec. A.. Hor-
deum jubatum. 1 q. Wood. Sec. A. Creek bank. Sec. C. .Hystrix patula.

12 qs. Wood. Sec. A. Leersia oryzoides. Former fish pond; present
stream border, s. of earth dam. Sec. E. Panicum implicatum. 2 os.

Wood. Sec. A. P. latifolium. 3 qs. Wood. Sec. A. P. villosissimum. 26
qs. Wood. Sec. A. P. virgatum. Creek bank. Sec. F. Phleum pratense.
2 qs. Wood. Sec. A. Poa pratensis. 59 qs. Wood. Sec. A.

Cyperaceae.

—

Carex cephalophora. 24 qs. Wood. Sec. A. C. cristata.

Marshy bank of creek. Sec. C. C. laxiflora. Wood, on top of bluff. Sec. C.

C. vuljnnoidea. Low ground along creek. Sec. C. Cyperus ferax. Muddy
border of old gravel pit. Sec. D. C. filiculmis var. macilentus. Sandy
soil, on bluff. Sec. E. C. rivularis. At base of w. slope of bluff. Sec. E.
Eleocharis obtusa. Muddy border of old gravel pit. Sec. D. E. palustris.

Muddy border of old gravel pit. Sec. D. Scirpus americanus. Border
of creek. Sec. C. S. cyperinus. In mud of old gravel pit. Sec. D. 5.

Eriophorum.. Wet ground, between creek and bluff. Sec. C. S. lineatus.

Marshy bank of creek. Sec. C. $. validus. Marshy bank of creek.

Sec. C.

Araceae.

—

Acorus Calamus. Former fish pond; present stream bor-
der, s. of earth dam. Sec. E. Bank of creek ne. of dam. Sec. B. Arisaema
triphyllum. 1 q. Wood. Sec. A. Shaded slope near creek. Sec. D.
Symplocarpus foetidus. Wet, shaded ground n. of earth dam. Sec. E.

Commelmaceae.

—

Tradesaantia virginiana. 39 qs. Wood. Sec. A.

Pontederiaceae.

—

Pontederia cordata. Creek bank. Sec. F.

Juncaceae.

—

Juncus aciiminatus. Old gravel pit. Sec. D. J. tenuis.

39 qs. Wood. Sec. A. J. Torreyi. Border of gravel pit. Sec. D. Luzula
campestris, var. bulbosa. Sandy loam of slope. Sec. F.

Liliaceae.—Allium aanadense. 73 qs. Wood. Sec. A. A. tricoccum.
Moist shaded slope near creek. Sec. D. Erythronium americanum.
Sandy loam of slope. Sec. F. Maia?ithemum canadense. In moss, n. side

of bluff. Sec. E. Polygonatum biflorwm. 45 qs. Wood. Sec. A. P. com-
mutatum. 20 qs. Wood. Sec. A. Sniilacina racemosa. 24 qs. Wood.
Sec. A. S. stellata. 9 qs. Wood. Sec. A. Smilax herbacea, var. pulveru-
lenta. 71 qs. Wood. Sec. A. Wood. Sec. C. Trillium recurvatum. 16 qs.

Wood. Sec. A. T. sessile. Moist shaded slope near creek. Sec. D.
Uvularia grandiflora. Moist shaded slope near creek. Sec. D.

Dioscoreaceae.

—

Dioscorea villosa. 1 q. Wood. Sec. A. Wood. Sec. C.

Iridaceae.

—

Iris pseudacorus. Very wet place near creek. An escape.
Sec. C. /. versicolor. Very wet place near creek. Sec. C.

Salicaceae.

—

Salix nigra. 1 q. Wood. Sec. A. Bank of creek. Sees. D
and F. Populus tremuloides. Roadside s. of bridge. Sec. C.

Juglandaceae.

—

Carya ovata. 120 qs. Wood. Sec. A. Wood. Sec. C.

Wood. Sec. E. Juglans nigra. 21 qs. Wood. Sec. A. Bank of creek.
Sec. C.

Betulaceae.

—

Corylus americana. E. side of gravel pit. Sec. D.

Fagaceae.

—

Quercus alba. 132 qs. Wood. Sec. A. Wood. Sees. C and
E. Q. macrocarpa. Thickets near creek. Sec. D. Q. rubra. Near n.
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edge of bluff. Sees. C and E. Q. velutinci. 75 qs. Wood. Sec. A. Wood.
Sees. C and E.

Urticaceae.

—

Morus alba var. tatarica. Stony bank of creek. Sec.
E. Parietaria pennsylvanica. 46 qs. Wood. Sec. A. Bluff and slopes.

Sees. C and F. Pilea pumila. 41 qs. Wood. Sec. A. Wet shaded ground
s. of bluff. Sec. E.

Polygonaceae.

—

Polygonum Convolvulus. 9 qs. Wood. Sec. A. P.
Persicaria. 50 qs. Wood. Sec. A. Marshy bank of creek. Sec. E. P.
sagittatum. Former fish pond, s. of earth dam. Sec. E. Creek bank.
Sec. C. P. tenue. At top of bluff. Sec. E. Rumex Acetosella. 2 qs.

Wood. Sec. A. Shady slope. Sec. E. R. altissimus. Creek bank. Sec. C.

R. crispus. 36 qs. Wood. Sec. A. R. obtusifolius. 92 qs. Wood. Sec. A.

Chenopodiaceae.

—

Atriplex patula var. littoralis. Wood. Sec. A.
Chenopodimn album. 94 qs. Wood. Sec. A. C. hybridum. 6 qs. Wood.
Sec. A.

Phytolaccaceae.

—

Phytolacca decandra. 27 qs. Wood. Sec. A.

Illecebraceae.

—

Anychia canadensis. 11 qs. Wood. Sec. A. Sandy
slope. Sec. E.

Aizoaceae.

—

Mollugo verticillata. On bank of creek in ne. part of

Sec. C.

Caryophyllaceae.

—

Arenaria lateriflora. 7 qs. Wood. Sec. A.
Cerastium vulgatum. 4 qs. Wood. Sec. A. Sandy soil of bluffs and
slopes. Sees. C and E. Silene stellata. 41 qs. Wood. Sec. A. Bluff.

Sec. C. Bluff. Sec. E. Stelktria longifolia. Low, wet ground, w. of

bridge. Sec. E.

Portulacaceae.

—

Claytonia virginica. 11 qs. Wood. Sec. A. Sandy
loam of slope. Sec. F. Portulaoa oleracea. Bluff. Sec. E.

Ranunculaceae.

—

Anemone virginiana. Gravel pit. Sec. D. Anemo-
nella thalictroides. 39 qs. Wood. Sec. A. Aquilegia canadensis. Wood
on bluff. Sec. C. Top of bluff. Sec. E. Ranunculus abortivus. 12 qs.

Wood. Sec. A. Shady slope, sandy loam. Sec. F. R. fasdcularis.
Slope near creek. Sec. F. R. recurvatus. 35 os. Wood. Sec. A.
Thalictrum revolution. 17 qs. Wood. Sec. A. Edge of thicket near
creek. Sec. D.

Menispermaceae.

—

Menispermum canadense. Moist shaded slope

near creek. Sec. D.

Berberidaceae.

—

Podophyllum peltatum. 93 qs. Wood. Sec. A.

Papaveraceae.

—

Sanguinaria canadensis. Shaded slope near creek.

Sec. D.

Fumariaceae.

—

Dicentra Cucullaria. Sandy loam, edge of wood,
near creek, w. of ravine. Sec. E.

Cruciferae.

—

Arabis laevigata. 1 q. Wood. Sec. A. Capsella
Dursa-pastoris. 1 q. Wood. Sec. A. Cardamine bulbosa. Wood. Sec.

A. C. pennsylvanica. Low ground ne. of clam. Sec. B. Dentaria
laciniata. Sandy loam of slope near creek. Sec. F. Lepidium virgi-

nicum. 9 qs. Wood. Sec. A. Radicula palustris. 2 qs. Wood. Sec.

A. Wet ground s. of bluff. Sec. E. Sisymbrium officinale. Wood. Sec.

A. S. officinale var. leiocarpum. 85 qs. Wood. Sec. A.

Crassulaceae.

—

Penthorum sedoides. Marshy bank of creek. Sec. E.
Low ground. Sec. D.
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Saxifragaceae.

—

Heuchera hispida. 18 qs. Wood. Sec. A. Edge of
bluff. Sec. E. Hydrangea arborescens. Edge of bluff. Sec. E. Ribes
gracile. 6 qs. Wood. Sec. A. Edge of bluff and in wood. Sec. C.

Hamamelidaceae.

—

Hamamelis virginiana. Edge of bluff and on
slope. Sec. E.

Rosaceae.—Agrimonia mollis. 71 qs. Wood. Sec. A. A. parviflora.
Along creek in e. part of Sec. C. Amelanchier canadensis. Edge of
bluff. Sec. E. Crataegus sp. 2 qs. Wood. Sec. A. Thickets near
creek. Sec. D. Bluff. Sec. E. Fragaria virginiana. 20 qs. Wood.
Sec. A. Geum canadense. 54 qs. Wood. Sec. A. Marshy bank of

creek. Sec. E. G. virginianum. Creek bank. Sec. C. Potentilla
canadensis. 54 qs. Wood. Sec. A. P. monspeliensis. 20 qs. Wood.
Sec. A. Prunus serotina. 77 qs. Wood. Sec. A. Pyrus arbutifolia var.
atropurpurea. S. of creek. Sec. C. P. ioensis. 27 qs. Wood. Sec. A.
Rosa s]). 10 qs. Wood. Sec. A. Rubus allegheniensis. 43 qs. Wood.
Sec. A. Bluff. Sec. C. R. hispidus. 1 q. Wood. Sec. A. R. occiden-

talis. 14 qs. Wood. Sec. A. R. villosus. On slope ne. of dam. Sec. B.

Leguminosae.—Amorpha canescens. Bluff. Sec. C. Amphicarpa
monoica. 77 qs. Wood. Sec. A. Bluff. Sec. C. Cassia Chamaecrista.
5 qs. Wood. Sec. A. Lespedeza virginica. Bluff. Sec. E. Medicago
lupulina. 4 qs. Wood. Sec. A. Melilotus alba. 6 qs. Wood. Sec. A.
Strophostyles helvola. Creek bank. Sec. C. Trifolium pratense. 12 qs.

Wood. Sec. A. T. repens. 7 qs. Wood. Sec. A.

Oxalidaceae.

—

Oxalis comiculata. 97 qs. Wood. Sec. A.

Geraniaceae.

—

Geranium maculatum. 80 qs. Wood. Sec. A. Base
of bluff. Sec. E.

Polygalaceae.

—

Polygala polygama. Sandy slope. Sec. E. P. san-
guinea. 2 qs. Wood. Sec. A.

Euphorbiaceae.

—

Acalypha virginica. Bluff and marshy bank of

creek. Sec. E.

Anacardiaceae.

—

Rhus glabra. High ground around gravel pit. Sec.

D. Along creek. Sec. C. R. Toxicodendron. 3 qs. Wood. Sec. A.

Celastraceae.

—

Celastrus scandens. Wood. Sees. C and D.

Aceraceae.

—

Acer Negundo. Along creek. Sec. D. A. saccharinum.
1 q. Wood. Sec. A.

Balsaminaceae.

—

Impatiens bifloxa. Wet shaded ground n. of earth
dam. Sec. E.

Vitaceae.

—

Psedera vitacea. 24 qs. Wood. Sec. A. Bluff. Sec. C.

Vitis vulpina, 28 qs. Wood. Sec. A. Bluff. Sec. C.

Tiliaceae.

—

Tilia americana. 1 q. Wood. Sec. A. Low slope near
creek. Sec. D.

Malvaceae.

—

Abutilon Theophrasti. Near creek. Sec. F.

Hypericaceae.

—

Hypericum cistifolium. 1 q. Wood. Sec. A. H.
gentianoides. In gravel pit. Sec. D. H. mutilum. Creek bank. Sec. F.

Cistaceae.

—

Helianthemum majus. Sandy bank of gravel pit. Sec.

D. Bluff. Sec. E. Lechea tenuifolia. Sandy bluff. Sec. E.

Violaceae.

—

Viola palmata. 7 qs. Wood. Sec. A. V. pedata. On
bluff. Sec. E. V. pubescens. Shaded slope near creek. Sec. D. V.
sagittata. 1 q. Wood. Sec. A. V. sororia. 90 qs. Wood. Sec. A. V.
scabriuscula. 26 qs. Wood. Sec. A.
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Onagraceae.

—

Circaea lutetiana. 119 qs. Wood. Sec. A. Bluff. Sec.

C. Epilobium coloratum. Marshy bank of creek. Sec. E. Ludvigia al-

ternifolia. At base of slope ne. of dam. Sec. B. L. palustris. Creek
bank. Sec. F.

Araliaceae.

—

Aralia nudicaulis. In moss, n. side of bluff. Sec. E.

Umbelliferae.

—

Osmorhiza longistylis. 62 qs. Wood. Sec. A. 0.
longistylis, var. villicaulis. 37 qs. Wood. Sec. A. Sanicula canadensis.
57 qs. Wood. Sec. A. Thaspium barbinode. 2 qs. Wood. Sec. A.
Bluff. Sec. D.

Cornaceae.

—

Cornus Amomum. 1 q. Wood. Sec. A. Foot of ne.

slope near small stream. Sec. C. Cornus aspectfolia. Along creek.

Sec. D.

Ericaceae.

—

Gaylussacia baccata. Sandstone bluff. Sec. E. Vaccin-
ium vacillans. Edge of bluff. Sec. E.

Primulaceae.

—

Lysimachia Nummularia. Marshy creek bank. Sec.

E. Steironema ciliatum. Low ground near creek. Sec. C. S. lanceolco-

tum. 6 qs. Wood. Sec. A.

Asclepidaceae.

—

Asclepias sp. 11 qs. Wood. Sec. A. A. incarnata.
N. bank of creek, e. of dam. Sec. B.

Convolvulaceae.

—

Convolvulus sepium, Wood on bluff. Sec. C.

Polemoniaceae.

—

Polenwnium reptans. 90 qs. Wood. Sec. A.

Hydrophyllaceae.

—

Ellisia Nyctelea. 26 qs. Wood. Sec. A. Hydro-
phyllum virginianwm. Shaded slope near creek. Sec. D.

Boraginaceae.

—

Lappula virginiana. 87 qs. Wood. Sec. A. Bluff.

Sec. C. Wood. Sec. D.

Verbenaceae.

—

Verbena urticaefolia. 25 qs. Wood. Sec. A. For-
mer fish pond; present bank of stream, s. of earth dam. Sec. E.

Labiatae.—Agastache nepetoides. 14 qs. Wood. Sec. A. Hedeoma
pulegioides. 106 qs. Wood. Sec. A. In moss at top of bluff and in

sandy soil of bluff. Sec. E. Also Sec. C. Leonunis Cardiaca. 53 qs.

Wood. Sec. A. Lycopus americanus. Marshy bank of creek. Sec. E.
L. uniflorus. Marshy bank of creek. Sec. E. Mentha arvensis. Stony
bank of creek. Sec. E. Nepeta Cataria. 35 qs. Wood. Sec. A. Pru-
nella vulgaris. 40 qs. Wood. Sec. A. Marshy bank of creek. Sec. E.

Bluff. Sec. C. Pycnanthemmn virgi?iianum. 7 qs. Wood. Sec. A.
Scutellaria lateriflora. Marshy bank of creek. Sec. E. S. parvula, var.

ambigua. 1 q. Wood. Sec. A. Stachys palustris. 2 qs. Wood. Sec.

A. Along creek. Sec. C. Teucrium canadense. Marshy bank of creek.

Sec. E. Along creek. Sec. C.

Solanaceae.

—

Solanum nigrum. 5 qs. Wood. Sec. A. Marshy
bank of creek. Sec. E.

Scrophulariaceae.

—

Conobea multifida. Stony bank of creek. Sec. E.

G&rardia pedicularia var. ambigeyis. Sandstone bluff. Sec. E. G. tenui-

folia. 2 qs. Wood. Sec. A. Gratiola virginiana. 2 qs. Wood. Sec. A.
Muddy ground at base of slope near small stream and gravel pit. Sec. C.

Mimulus ringens. Marshy creek bank. Sec. E. Scrophularia leporella.

2 qs. Wood. Sec. A. Bluff. Sec. C. S. marilandica. Shaded slope

near creek. Sec. D. Verbascum Thapsus. 1 q. Wood. Sec. A. Bank
of gravel pit. Sec. D. Veronica peregrina. 1 q. Wood. Sec. A. V.

serpyHifolia. Sandy soil of wood. Sec. E. V. virginica. 9 qs. Wood.
Sec. A.
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Bignoniaceae.

—

Catalpa speciosa. 10 qs. Wood. Sec. A.

Acanthaceae.

—

Ruelli.a ciliosa. Wood. Sec. D.

Phrymaceae.

—

Phryma Leptostachya. 57 qs. Wood. Sec. A. Bluff.
Sec. C.

Plantaginaceae.

—

Plantago Rugelii. 65 qs. Wood. Sec. A.

Rubiaceae.

—

Houstonia caerulea. 2 qs. Wood. Sec. A. Galium
Aparine. 3 qs. Wood. Sec. A. G. circaezans. 1 q. Wood. Sec. A.
G. condnnum. 21 qs. Wood. Sec. A. Bluff. Sec. C.

Caprifoliaceae.

—

Diervilla Lonicera. Midway on n. side of bluff.
Sec. E. Lonicera Sullivantii. 2 qs. Wood. Sec. A. Bluff. Sec. C.
Sambucus canadensis. 39 qs. Wood. Sec. A. Along- creek in e. part
of Sec. C. Triosteum perfoliatum. 21 qs. Wood. Sec. A. Moist shaded
slope. Sec. D. Viburnum pubescens. Thicket on slope near creek.
Sec. D. V. Lentago. Bank of creek. Sec. C.

Cucurbitaceae.

—

Echinocystis lobata. 1 q. Wood. Sec. A. Intro-
duced.

Campanulaceae.

—

Campanula aparinoides. Three rods ne. of dam, at
base of slope. Sec. B. Specularia perfoliala. 9 qs. Wood. Sec. A. In
moss on n. side of bluff. Sec. E.

Compositae.

—

Achillea Millefolium. 43 qs. Wood. Sec. A. Am-
brosia artemisiifolia. 66 qs. Wood. Sec. A. A. triffda. 10 qs. Wood.
Sec. A.

(

Antennaria fallax. 1 q. Wood. Sec. A. Bluff. Sec. E.
Anthemis Cotula. 10 qs. Wood. Sec. A. Arctium minus. 47 qs.

Wood. Sec. A. Bidens cernua. Former fish pond; present bank of
stream. Sec. E. B. frondosa. Marshy creek bank. Sec. E. Cirsium
arvense. 1 q. Wood. Sec. A. C. lanceolatum. Bluff. Sec. E.
Erechtites hieracifolia. In moss on n. side of bluff. Sec. E. Erigeron
annuus. 102 qs. Wood. Sec. A. Wood. Sec. C. E. canadensis. 16 qs.

Wood. Sec. A. Bluff. Sec. C. E. philadelphicus. 20 qs. Wood. Sec.
A. At base of slope Sec. B. E. ramosus. 102 qs. Wood. Sec. A.
Wood. Sec. C. Eupatorium perfoliatum. Creek bank. Sec. F. E.
purpureum. 13 qs. Wood. Sec. A. E. urticaefolium. Thickets near
creek. Sec. D. Helianthus annuus. Bluff. Sec. E. Escape. H. di-

varicatus. Bluff. Sees. C and E. H. scaberrimus. Gravel pit. Sec. D.
Heliopsis scabra. Bluff. Sec. C. Hierarium scabrum. Edge of bluff.

Sec. C. Lactuca canadensis. 32 qs. Wood. Sec. A. Also in Sec. D.
L. villosa. Basswood thicket. Sec. D. Prenanthes altissima, var. cinna-
momea. 21 qs. Wood. Sec. A. In moss, n. side of bluff. Sec. E.
Silphium perfoliatum. Low ground near creek. Sec. C. Solidago caesia.

At top of bluff. Sec. E. S. tenuifolia. 2 qs. Wood. Sec. A. S. ulmi-
folia, 30 qs. Wood. Sec. A. Bluff. Sec. C and E. Taraxacum offi-

cinale. 8 qs. Wood. Sec. A. T. erythrospermum. In pasture near
creek. Sec. F. Xanthium canadense. Marshy bank of creek; Sec. E.

The enumeration consists of 74 families, 188 genera, and 270 species

and varieties.

Discussion. The 20 species occurring most frequently in section

A. listed in the order of decreasing frequency, are: Quercus alba,

Carya ovata, Circaea lutetiana, Geum canadense, Hedeoma pulegioides,

Erigeron annuus, E. ramosus, Oocalis corniculata, Chenopodium
album, Podophyllum peltatum, Rumex obtusifolius, Viola sororia, Po-

lemonium reptans, Lappula virginiana, Sisymbrium officinale, var.

leiocarpum, Geranium maculatum, Amphicarpa moywica, Primus sero-
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Una, Quercus velutina, and Allium canadense. The dominant species,

those that exercise the greatest control over the environment, are there-

fore Quercus alba and Carya ovata, and the community may properly

be called a white oak-hickory association.

There is almost a complete absence of annuals, the vegetation con-

sisting of perennials and biennials. This explains why the parking of

the cars has not ruined the vegetation in this section. The herbaceous

undergrowth of the west half of section A is cut every summer before

the chautauqua commences. Since seed production is not necessary for

the existence of perennials, the vegetation from year to year is not

affected by this treatment.

Phleum pratense and Trijolium pratense are used for hay by many
of the farmers. The seeds are scattered by the wind, birds, and animals,

including man.

Poa pratensis, Agrostis alba, Hordeum jubatum, Juncus tenuis,

Rumex crispus, R. obtusifolius, R. Acetosella, Polygonum* Persicaria,

P. Convolvulus, Cerastium vulgatum, Lepidium virginicum, Sisymbrium

officiriale, var. leiocarpum, Potentilla monspeliensis , Melilotus alba, Ver-

bascum Thapsus, Arctium minus, Achillea Millefolium, Erigeron annuus,

E. canadensis, E. philadelphicus, E. rairiosus, Ambrosia artemisiifolia,

A. trifida, Antkemis Cotula, and Cirsium arvense are common in fields,

meadows, roadsides, and waste grounds. From there the seeds are

scattered by wind, birds, animals, and man. The seeds of the above

plants may have been brought to the wood in the baled hay and straw

which were used for the stock during the Remington Fair. Since the

wood is rather open in many places the habitat is suitable for these

plants and they are becoming established; some of them being abundant

as is shown in the table of the frequency of their occurrence.

The writer has no way of knowing what the herbaceous vegeta-

tion of the wood has been in the preceding years. The early settlers tell

that this region was swept by the prairie fires before it became settled

by man. These fires destroyed all of the undergrowth, leaving only the

large trees. Mr. Jordan, Sr. could see deer and hogs in the wood when
he came there. But after the fires ceased the undergrowth developed

so that one could see only short distances between the trees. Probably

the vegetation is very similar to that of the days of the prairie fires, be-

cause most of the plants are perennials and the fires did not affect the

subterranean parts.

Echinocystis lobata is an escape from the many plants that have

been cultivated at the entrance of the Park. Catalpa speciosa is an

escape. The seeds probably have been carried from the farm across

the road by animals, man, or the wind. A possible source of these trees

in section A is the row of catalpas in section B, which were planted for

decorative purposes. Tilia americana probably came from the basswood
thicket along Carpenter's Creek, which passes through the southeastern

part of the Park. The seeds may have been disseminated by the wind
and possibly by birds. The specimen found was a seedling. Acer
saccJuirinum was observed only once. The silver maple is common as

a shade tree in lawns and the seeds probably have been carried by the
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wind from the farm across the road. Cornus Amomum is growing in the

wet ground east of the entrance gate. The other forms growing here

are not in an unusual habitat and therefore need no further discussion.

The number of quadrats containing arborescent seedlings are as fol-

lows: Catalpa speciosm 1, Tilia americana 1, Quercus velutina 2, Q. alba 3,

Pyrus ioensis 17, Juglans nigra 21, Carya ovata 27, and Prunus serotina

42. This shows that the oak seedlings are not as tolerant of the con-

ditions as the walnut, hickory, and cherry seedlings.

Considering the vegetation of the creek and the low region near it,

the flora is typical of wet ground and moist habitats. In addition to

the dissemination agents previously mentioned, water plays an im-

portant part in these sections of the territory studied.

Certain Bryophytes were observed in addition to Pteridophytes and

Spermatophytes noted above. Moss is growing on the north side of

the bluff and on some of the large stones near the banks of the creek.

Portions of the bluff are covered with crustose lichens. Marchantia

polymorpha is abundant on the large stones near the creek. These

stones are shaded on the south by the bluff and on the east by the bridge.

It is noted that the so-called weed vegetation of the farms is not

establishing itself in the moist and wet habitat as it is to a certain ex-

tent in the woods.

There is a statement in the Geological Survey report, to which an

earlier reference is made, to the effect that there was an abundance of

hazel and sassafras in Jordan's Grove. Mr. Jordan states that the

shrubs grew after the forest fires ceased but were cut down when the

grove was cleared for pasture and thereafter prevented from growing.

Along the edge of the bluff a few bushes of Hamamelis are growing

at the present time. There are some small sassafras trees near Mr.

Jordan's house, but the Corylus has become almost extinct in the sections

studied. One shrub is growing at the edge of the gravel pit. Other

bushes of Corylus are observed on the roadsides bordering the Park. The
present trees of the grove are not the original ones. The first were cut

for constructing buildings and rail fences. Although the writer did

not see any of the first trees, it has been learned from Mr. Jordan that

there is one near his house.

Considering the arborescent species of the woods, the whole is classi-

fied as open, upland, and xerophytic. By the latter term, I mean that the

woods are less mesophytic than the climax will be. The climax forest

of the region, which is a beech-maple forest, is not represented in the

area studied. The upland portion is more xerophytic and the habitats

along the creek more hydrophytic than the climax. The presence of red

oak and basswood in the oak-hickory forest shows that it is approaching

the climax conditions, since these species are usually found in the climax

forest and may be looked upon as forerunners of it.
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BACTERIAL SPORES FOR CLASS WORK.

P. A. Tetrault, Purdue University.

To demonstrate bacterial spores to a class is one thing; but to

bring about production of spores in large quantities and to have the

majority of these at the stage where they show the relationship to the

parent cell, is quite another thing. This mass production of spores is

what I wish to discuss in this paper.

To those familiar with laboratory work in Bacteriology, it is un-

necessary to point out the drawbacks of the old method of inoculating

agar slant after agar slant at intervals varying anywhere from 12 to 24

hours and extending over a period of two or three weeks immediately

preceding the spore exercise in class. Then on the appointed day a

frantic examination of scores of cultures for suitable ones and finally

a possible disappointment in the laboratory because the culture had not

all matured to the stage indicated by the sample.

In the ordinary routine of plating it is frequently observed that

surface colonies of spore formers yield uniformly developed spores. Now
and then a colony will show long chains of bacilli with apparently 100

per cent spore production. This fact furnished the idea for the follow-

ing investigations.

The first attempt to produce spores in large enough quantities for

class work was done with the plaster paris block, the same method as

is used for yeast spore development. This method gives such excellent

results with yeast that it was thought it might work out with bacteria.

In this case it proved to be a failure. First of all, in the block method
there is little or no multiplication preceding spore production. The yield

can be little or no greater than the amount inoculated. Secondly, the

difficulty of handling on a large scale is a decided disadvantage. And
lastly, the deposit when removed is always accompanied by a certain

amount of plaster paris which interferes with proper staining.

The next method used was to plate heavy suspensions of the

organism. Sterile stock nutrient agar was poured into petri plates and
allowed to solidify. A homogeneous suspension of the organism in

physiological salt solution was made from a 24-hour agar slant culture.

This was drawn up in a Pasteur bulb and a very thin uniform layer

deposited on the agar in each of the several plates. These plates were

then placed at different temperatures, one set at 37 degrees, one at room
temperature and the third in the icebox.

At the end of 18 hours the cultures at 37 degrees showed good de-

velopment. The surface of the agar was covered with a uniform growth
and samples taken from different regions showed equally good develop-

ment. There was a large percentage of cells producing spores and the

mapority of spores were retained within the cells. Between 24 and 30

hours the maximum of development was reached and the spores in the

free state were much more in evidence.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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At room temperature the same stages of development were reached

between 36 and 48 hours. The percentage of spores was never as great

at this temperature. In the icebox the cultures were kept for six days

without any signs of spore development.

The next method tried was mixing the culture with the agar be-

fore pouring the plates. The same technique was carried out as in the

previous case with the one difference that the agar was melted in flasks;

each flask containing 100 cc. and when cooled to 50 degrees inoculated

with a homogeneous physiological salt suspension of the organism.

The time required for the development of the spores was the same
as in the previous cases. The results seemed to be slightly better. The
surface growth was not as heavy, but the percentage of spores was
greater. The plates after development may be placed in the icebox

and kept for two or three days without greatly diminishing the number
of spores retained within the cells.

It is a very simple procedure to remove the surface growth. A few
cubic centimeters of sterile physiological salt solution is added to the

growth on the petri dish and by means of a loop wire the growth is

loosened from the surface of the agar. Then using a Pasteur bulb, the

suspension is drawn up and made homogeneous by shaking and then

transferred into sterile tubes for the class.

These experiments were carried out with B. subtilis, B. mycoides and

B. megatherium. All of these gave equally good results.

For photographing a slide preparation of the spores, a modified

Ziehl Nielsen method was used. The ordinary Ziehl Nielsen stain gives

excellent results for classroom work, but the combination of red and

blue is such that even with a red filter very little contrast is obtained

on the photographic plate. As it turned out, this modified method

gives better results for laboratory work. The method consists in treat-

ing the slide with carbol-fuchsin and heating for four or five minutes.

The preparation is then decolorized in acid alcohol (2% HC1 in 96%
alcohol). The slide is now allowed to dry and two loopfuls of India ink

placed at one end of the slide. Then with a clean slide, and holding this

at an angle of 45 degrees, the ink is smeared in a thin film over the

preparation. The preparation may then be made permanent with balsam

or examined directly with oil. (Fig. 1.)

Fig. 1

—

B. mycoides stained with carbol-fuchsin, decolorized with alcohol and smeared

with India ink. The cell stands out as a colorless halo surrounding a bright red spore.
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BACTERIA IN THE ROOTS OF GLEDITSIA
TRIACANTHOS L.

Gladys M. Friesner, Butler University.

The relation of bacteria to the nodules on roots of leguminous

plants has been the subject of almost continuous research since the

work of Woronin in 1866. The greater portion of this work, for economic

reasons, has been done on crop plants. In 1917 Burrill and Hansen (2)

showed that organisms isolated from roots of Robinia pseudo-acacia L.

would not induce nodule infection on any other species of legume used

in their study. Lohnis and Hansen (5) studied organisms causing

nodule infection on roots of R. pseudo-acacia but were unable to obtain

positive results in inoculation tests. Others published researches in

which nodules (or the lack of them) on roots of leguminous trees are

considered include those of Burrage (1), Frank (3), and Schneider (7)

all dealing with R. pseudo-acacia. Harrison and Barlow (4) report the

absence of nodules on Gleditsia triacanthos, Gymnocladus dioica, and

Cercis canadensis.

This paper is concerned primarily with results obtained from a

study of the roots of Gleditsia triacanthos L. Work was also begun on

Robinia pseudo-acacia L., Cercis canadensis L., and Gijmnocladus dioica

(L) Koch. Conditions have arisen which necessitate a temporary aban-

donment of the larger problem and it is thought worth while to make this

preliminary report of the work thus far accomplished. It is planned to

continue the study of the roots of the other trees mentioned in the

near future.

Materials and Methods.—Roots of Gleditsia triacanthos were dug
in the field and brought to the laboratory. These roots were taken

from seedling trees ranging from 30 cm. to 1.5 m. in height and were
taken from both poorer clay soils and richer alluvial soils. No structures

resembling the spherical or oblong tubercles commonly found on roots

of leguminous plants were to be found. It was, however, soon dis-

covered that slightly thickened regions measuring 5-15 mm. in length

were disposed at irregular intervals along the smaller root branches.

These cylindrical thickenings, as well as the greater portion of the roots,

even very old parts, were covered with a very dense covering of root

hairs which were first considered to be ectotrophic mycorrhiza. This

interpretation was soon shown to be erroneous when cross sections were
prepared. This dense mantle of hairs was studied by McDougal (6).

These cylindrical thickenings were cut out and disinfected in 1:1000

mercuric chloride solution for two minutes and then washed through
three successive changes of sterile distilled water in as many sterile

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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petri dishes. They were then plated out by crushing with a sterile

scalpel and adding a tube of Lipman's agar. 1

These plates were incubated at 35° C. and after four days typical

whitish, glistening colonies of a stringy, sticky consistency made their

appearance. From these colonies transfers were made to slants of

Ashby's agar 2 and Lipman's agar. These cultures served as the start-

ing point for the subsequent cultural and inoculation studies. With these

organisms infection was produced on seedlings grown in sterile sand
and inoculated. Infection and re-isolation was effected twice.

Infection and isolation experiments. On September 30, 1924, seeds

were planted in four-inch flower pots containing soil obtained from about

the roots of plants in the field. On November 18 these plants were five

inches high at which time they were examined for "nodules" and

finally transplated to larger pots of similar soil. These plants had roots

with very prominent root-hair zones. Root hair zones were cut, disin-

fected, and plated out as before. A single colony appeared. This colony

was similar in every respect to those obtained from roots dug up in the

field. Microscopic examination showed the organisms from both isola-

tions to be identical.

On December 2, 1924, seeds were planted in pots of sterile sand

kept moistened with sterile Knop's solution minus nitrates. 3 One lot

of the seeds was soaked in mercuric chloride solution for two and one-

half minutes. The other lot was untreated. On December 19 two pots

from each lot were watered with a soil suspension4 made from soil taken

from about the roots of trees in the field. Ten days later two pots from
each lot were inoculated with a suspension of organisms previously

isolated from root swellings. Two pots were kept uninoculated for con-

trols. On February 17 examination showed root infection (cylindrical

thickenings) in the pots watered with soil suspension and in those

1 Lipman's agar

Dextrose 10.0 grams

Dipotassium phosphate 0.5 grams

Magnesium sulphate 0.2 grams

Peptone (Bacto) 0.02 grams

Agar 20.0 grams

Distilled water 1000.0 cc.

2 Ashby's agar

Mannite 20 . grams

Monopotassium phosphate 0.2 grams

Magnesium sulphate 0.2 grams

Sodium chloride 0.2 grams

Calcium sulphate 0.1 grams

Calcium carbonate 5.0 grams

Agar 20.0 grams

Distilled water 1000 . cc.

3 Nitrate-free Knop's solution :

Calcium chloride 4.0 grams

Potassium chloride 1.0 grams

Magnesium sulphate 1.0 grams

Monopotassium phosphate 1.0 grams

Distilled water 2000.0 cc.

4 Soil suspension made by shaking 500 grams of soil in 1000 cc. of sterile distilled

water.
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watered with bacterial suspension but none were found in the unin-

oculated pots of the control. Seedlings from seeds that were disinfected

with the mercuric chloride solution seemed to have better developed

swellings than those that were not disinfected. Unfortunately, these

roots were destroyed before an attempt could be made to photograph

them. Others, however, were immediately planted.

On February 25, 1925, seeds were planted in four six-inch pots

of sterile sand. These were watered with sterile nitrate-free Knop's

solution. 3 On April 13, after the cotyledons had dropped from the

seedling the sand was inoculated with a suspension of organisms pre-

viously isolated from roots and grown on beef agar. These roots were ex-

amined on May 19. Plants from the inoculated pots showed root

systems much better developed than those from uninoculated pots.

Inoculated plants again showed swellings on their roots while none were
to be found on those uninoculated. Photographs of these roots were
taken after which all of the well-marked swellings were severed for isola-

tion studies and microtome sections.

Colonies appearing on plates made from these root swellings were
similar in every way to those previously obtained from swellings on

field and laboratory roots. Subsequent cultural and microscopic char-

acters showed them to be identical.

Plants from the inoculated soil were replanted in the same soil in

which they had previously grown. Additional seeds were planted in

sand first sterilized and then inoculated with a suspension of the

organisms. On July 20 both the replanted seedlings and those from
fresh planting were dug, washed free from sand, and their roots ex-

Fig. 1—Roots from seedling grown in sterile sand inoculated with organisms pre-

viously isolated from roots. Seedlings planted May 19 and photographs taken July 20.

Arrows indicate some of the characteristic swellings in which the bacteria occur.
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amined and photographed. Figure 1 shows roots from seedlings ob-

tained from the seeds planted on May 19. Note the numerous well

developed cylindrical swellings indicated in each case by arrows.

Growth characters of isolated organisms. Growth characters of the

organisms isolated from the roots of Gleditsia were determined and com-

pared with the characters of Bacillus radiobacter as determined by
Lohnis and Hansen (5). This comparison was deemed necessary since

B. radiobacter is a spore producing soil organism likely to be obtained

when attempting to isolate nodule organisms in case the external disin-

fection is not thorough.

From a study of these results it is seen that the organisms first

isolated from roots grown in the field have the same growth reactions

as those subsequently isolated from roots grown in the laboratory and
that the growth characters of both of these cultures are very different

from those exhibited by B. radiobacter as determined by Lohnis and
Hansen (2). Figure 3 shows cultures of the honey locust organism ob-

tained from roots in the field.

Fig. 2—Photomicrographs of stained bacterial cells from cultures isolated from

roots of Gleditsia. A, cells from Ashby's agar. Note irregular shapes of involution

forms and compare with figures 4, 5, and 6. B, cells from potato, rods with rounded

ends, in long chains, and containing much highly refractive, non-staining globules. C,

bacterial cells from beef agar, rods of variable length, single and in short chains ; con-

taining much highly refractive, non-staining globules.

Growth characters of organisms isolated from roots grown in the

laboratory were identical in every regard. The growth on beef agar

was very striking; the figure shows the very prominent longitudinal

ridges and the unridged margins with slightly echinulate contour. The
growth on potato was very abundant but not ridged.

In the description of cultural characters on the various media

listed below, the honey locust organism isolated from roots grown in

the field is designated as A, the same from roots grown in the laboratory

as B, and B. radiobacter as C., from Lohnis and Hansen (5).
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Lipman's agar. A. Five days old: growth good, center shiny,

white, edges more transparent, echinulate. Involution forms of various

shapes. Unstained cells full of dark globules. Took gentian violet

stain lightly.

B. Forty-one hours old; growth very good, shiny, glistening white,

edges transparent echinulate, center white opaque. Numerous involu-

tions, rods with rounded ends, full of globules, single and short chains,

numerous ovals.

mmm

Fig. 3—Growth leactions of honey locust organism on potato (A), beef agar (B),

and Ashby's agar (C). Note the prominent longitudinal ridges on beef agar.

Ashby's agar. A. Five days old: growth good, center nearly trans-

parent, edges milky white, echinulate. Involution forms of various

shapes. Full of dark globules. 14 days old: involutions and rod forms.

B. Forty-one hours old: growth good, nearly uniform, glistening

white, edges echinulate. Seven days old: same. Seven days old: involu-

tion forms of various shapes, some rod forms. Cells full of dark
globules.

Beef agar. A. Two days old: growth abundant, light cream in

color, prominent parallel longitudinal ridges, margins echinulate. Nine
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days old: ridges beginning to disappear. Two days old: Chains of short

rods with rounded ends. Chains very irregular. Cells with refractive

globules. Five day old: chains more regular. Fourteen days old:

resembling chains of rounded beads with refractive globules near center.

B. Forty-one hours old: growth abundant, light cream in color,

prominent parallel ridges throughout length of growth, margins slightly

echinulate. Seven days old: same as above. Seven days old: irregular

chains, ovals, rods, and involutions of various shapes. Cells filled with

refractive globules.

C. "Flat whitish slimy layer, thick sediment below. After 7 days:

small ovals and short rods imbedded in slime. * * * * Some rods

with thick unstained capsules forming symplasm. Three to four weeks:

normal cells, stars, and large globules and clubs from symplasm."

Nutrient Broth. A. Three days old: very thick pellicle on top,

sediment on bottom, otherwise very clear. Eight days old: small rod in

irregular chains. No refractive globules.

B. Three days old: very heavy creamy pellicle on top. Flaky all

through tube. No turbidity. Four days old: involutions long and short

rods in chains. Refractive globules abundant.

C. "Broth turbid, * * * * whitish film on surface, much
whitish sediment. Small ovals, short rods budding and branching
* * * * globular regenerative bodies. Threads and fine stars from

symplasm."

Potato. A. Two days old: growth very abundant, glistening, edges

echinulate, light cream color. Five days old: growth rather slimy. Two
days old: long rods (2-8x1 micron) with many refractive globules. 13

days old: same.

B. Three days old: growth very heavy, crust-like over top, edges

echinulate, color dull rich cream. Seven days old: small slightly raised,

glistening blisters over growth, somewhat slimy. 14 days old: growth
very abundant all over slant. Four days old: rods and ovals in chains,

cells filled with reractive globules, some involutions.

C. "First gray, later coli-brown, no slimy layer, potato frequently

turns brown. First small ovals and short rods, budding and branch-

ing, later also oval and globular gonidangia and symplasm with stars."

Litmus milk. A. Two days: color disappearing, consistency of

junket. Three days: litmus decomposed except for very slight watery
layer on top. Acid reaction. 10 days: litmus decomposed, milk digested,

muddy brown color. 10 days: short rods, 1-2 microns long, in chains, no

refractive globules.

B. Two days: consistency of junket. Four days: nearly all

digested. Seven days: completely digested: litmus entirely decomposed,

muddy tan color, acid reaction. 10 days: same as last. Eight days:

short rods 1-2 microns long, in chains, no refractive globules.

C. "First slime ring and serum zone on top. Later whole milk

turning brown. Seven days: ovals and rods, later small and large cells

from symplasm."
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Gelatin 20-22° C. B. Organism last isolated only one studied. In-

oculated by spreading organism over surface. Liquefaction: three days,

3 mm; seven days, 9 mm; ten days, entire.

Microscopic characters of organism. The organisms exhibited con-

siderable variation in shape and internal structure, varying from long or

short rods held together in long or short chains to variously shaped

involution forms. The irregular involution forms seemed to be much
more common on synthetic media lacking nitrogen than on media con-

taining these compounds. Both the long and the short rods contained

abundant highly refractive bodies which show up as clear regions in

stained cells (fig. 2). The involution forms more often stained uniformly

though cells were abundant with non-staining centers and deeply stained

peripheries. Refractive globules (non-staining) were also present in

some involution forms.

Attempts to stain flagella were unsuccessful. Occasional organisms

in poor preparations had what seemed to be one or two polar flagella.

These were often displaced slightly from the exact pole of the cell.

Microscopic examination of root swellings. Some of the root swell-

ings were cut from plants grown and inoculated in the laboratory. These

were killed and fixed in medium chromo-acetic acid, dehydrated, im-

bedded in paraffin, sectioned 12 microns thick and stained in iodine and

Flemming's triple stain. The iodine (Gram's formula) was used after

the safranin and before the gentian violet. The gentian violet was used

in 1 per cent aqueous solution and the orange G was used in 1 per cent

clove oil solution.

Fig. 4—Cells from the central cylinder of the root of Gleditsia triacanthos showing-

bacteria in situ. Drawn from microtome section with camera lucida. Compare shape

of bacterial cells with those shown in figure 6, a. Magnification, 1700X.
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Microscopic study of these stained sections revealed the presence

of numerous bodies of various shapes in the cells of the central cylinder.

These cells stained violet with the gentian violet. Figure 4 is a camera
lucida drawing of some of the cells of the central cylinder containing

these deeply staining bodies. Figure 5 is a photomicrograph of similar

cells. Many of these bodies are of such shapes that one might well

doubt whether they are bacteria at all if it were not for the fact that

they gave no starch reaction and for the fact that every unusual shape

found in root cells was readily duplicated from smears made from cul-

tures grown on laboratory media and stained with the same stain. Com-
parison of cells in figures 4 and 5 with those of figure 2 shows the

Fig. 5. Photomicrograph cf roct cells showing bacteria

of bacterial cells with those shown in figures 4 and 6.

situ. Compare shape

similarity of cells from roots and from cultures. Figure 6 shows a

series of camera lucida drawings of organisms from laboratory media

(a) and cells from root sections (b). It will be noted that there is a

very close similarity between the bacterial shapes in root cells and on

culture media. Every shape of involution form can be found from both

sources. True rod-shaped bacterial cells were not abundant in the root

cells.

Harrison and Barlow (4) consider the absence of root nodules on

Gleditsia triacanthos to be due to the presence of ectotrophic mycorrhiza.

McDougal (6), has shown that the roots of Gleditsia are covered with a

dense coat of persistent root hairs which appears superficially to be

mycorrhiza. McDougal suggests that the absence of root nodules may be

due to the impossibility of root infection because of the dense mantle of

root hairs. From the present study it seems certain that bacteria do

occur within the root cells. There they cause very slight hypertrophy

of the root at irregular intervals. These swollen places are in no sense

to be considered comparable, from a morphological standpoint, to the

exogenous root nodules commonly found on leguminous plants.
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Fig. 6. Outlines of bacterial cells drawn with camera lucida : from laboratory cul-

tures (a), and from microtome sections (b). Magnification, 2400 X in each case. Note

that the various unusual shapes of bacterial cells in the host cells can be duplicated

from cultures isolated from the roots and grown on laboratory media.

Root infection probably occurs from the soil. Infection probably is

not carried in the seed. These points will need further study to make
certain, but in no case were root swellings to be found on uninoculated

seedlings. Infection probably occurs in the very young part of the root.

Bacteria were isolated from zones cut only a few millimeters from

the tip.

Summary.

1. Gleditsia triacanthos L. produces cylindrical swellings 10-15 mm.
in length on the main axis of the smaller roots instead of the exogenous

nodules ordinarily found on leguminous plants.

2. Bodies resembling involution forms of bacteria are found within

the central cylinder of the root in the region of these swellings.

3. These involution forms may be isolated and grown on laboratory

media from which stained smears yield again the same variety of shapes

as found in microtome sections of root swellings.

4. Laboratory inoculation of seedlings grown in sterile sand and
watered with nitrate-free Knop's solution yields typical root swellings

from which the organisms may again be isolated.

5. Root systems of inoculated plants were much more vigorous than

those of uninoculated plants when both were watered with nitrate-free

Knop's solution.

The writer is greatly indebted to Dr. M. W. Gardner and to Mr.
John M. Moore for help in preparing photographs and to Prof. Ray
C. Friesner under whose direction this work was carried out.



224 Proceedings of Indiana Academy of Science

Literature Cited.

1. Burrage, Severance. Description of certain bacteria obtained from
nodules of various leguminous plants. Proc. Ind. Acad. Sci.

1500:157-161. 1901.

2. Burrill, Thomas J. and Roy Hansen. Is symbiosis possible between

legume bacteria and non-legume plants? Univ. 111. Agric. Exp.

Sta., Bui. 202:115-181. 1917.

3. Frank, B. tlber Assimilation von Stickstoff aus der Luft durch

Robinia pseudo-acacia. Ber. Deut. Bot. Gesell., 5:292-294. 1890.

4. Harrison, F. C. and B. Barlow. The nodule organism of the

Leguminosae,—its isolation, cultivation, identification, and com-

mercial application. Centralbl. Bact., 15:264-272; 426-441. 1907.

5. Lohnis, F. and Roy Hansen. Nodule bacteria of leguminous plants.

Jour. Agric. Res., 20:543-556. 1921.

6. McDougal, W. B. Thick-walled root hairs of Gleditsia and related

genera. Amer. Jour. Bot., 5:171-175. 1921.

7. Schneider, Albert. The morphology of root tubercles of Legumin-

osae. Amer. Nat., 27:782-792. 1893.



Xylarias of Indiana 225

SOME XYLARIAS OF INDIANA.

Stacy Hawkins, Indiana University.

Xylarias have been collected for many years in various counties

of the state, but we have studied them particularly from localities near

Indiana University. The most striking thing about this interesting-

genus is the small number of species found in proportion to the large

number of individuals that occur throughout the world. However, the

wide distribution and the frequent occurrence of our few species is

equally striking. There is no intention in this brief paper to make a

complete list of the species.

World Distribution. Xylarias are almost world-wide in their dis-

tribution. They are far more abundant in the tropics, but retain their

peculiar characteristics in all regions. They are, for the most part,

saprophytic but are capable of becoming parasitic and infecting living

plants under certain conditions. Of the many reports of parasitism,

mention may be made of the infection of coconut palms in East Africa

and the infection of the rubber plant, Hevea, in Asiatic regions from

Ceylon to the East Indies. For the most part, the growth of the fungus

is limited to the roots or the bases of trees but in some regions (mainly

tropical) they have been found frequently on fallen limbs, fallen herba-

ceous material, and dead leaves. In Europe, considerable trouble is

experienced by the hastening of decay of oak grape vine stakes by

species of Xylaria.

Behavior of Certain Species in United States. Xylarias are found
growing on the roots of living beech, maple, oak, and other forest trees

and are considered saprophytic as there seems to be no apparent injury

to the host. In the locality of Bloomington, Indiana, they occur most
commonly on the bark of living beech at the ground line. Just whether
injury is done or whether there is some sort of symbiosis has never been

definitely determined. It is known, however, that the parasitic infection

of three species of this genus is very destructive to apple orchards, and
cases are cited east of the Mississippi River where they also affect

pear trees. From Virginia to Illinois, reports have been made of

orchard infection by Xylaria polymorpha (Pers.) Grev., X. Hypoxylon
(Linn.) Grev., and X. digitata (Linn.) Grev. So far as it can be deter-

mined, the spores which fall on old stumps or roots, develop mycelia
which spread through the soil and attack the apple tree roots causing
a disease called black root rot. Infection takes place wherever there

is a broken place in the bark of the root, or where a small portion of the

root has decayed. The writer, however, has found X. Hypoxylon grow-
ing on dead places in living apple trees in Shelby County, Indiana,
in August, 1926. The fruiting parts appeared some four feet above
the ground and, as far as could be ascertained, the fungus was entirely

saprophytic.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."

15—35508
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Since both the conidia and ascospores may be carried by wind, water,

and insects, it is advisable to carry on a campaign of general sanitation

in regions that have become infected. Also, it is not advisable to plant

an orchard in a plot of ground that has but recently been cleared

of timber for fear of infected roots or stumps. And in planting, care

should be taken not to injure the roots of the young trees.

Harder, reporting on studies of X. Hypoxylon (Naturw. Ztschr.

Forst. u. Landw. 7:429-436; 441-467, 1909), states that the wood
attacked by this fungus has a peculiar black color which, he believes,

is not due to the Xylaria itself but to some accompanying fungi. The
rot produced by X. Hypoxylon is white or yellowish but is penetrated

and surrounded by black crust-like formations. In investigations con-

ducted, two kinds of mycelia, one white and the other brown, were found.

The nature of the dark coloring matter was investigated but proved

resistant to reagents used. However, Stevens (Plant Disease Fungi,

p. 210, 1925) states that a root rot of apple trees is due to a fungus

closely related to or perhaps identical with X. Hypoxylon. Concerning

X. polymorpha and X. cligitata which are reported in similar connection,

he states that "roots of affected trees are covered with a thin, white,

compact, mycelial growth which soon develops into a black stroma.

Black, anastomosing rizomorphs radiate from the stroma several centi-

meters along the root; the cortex below is disintegrated and the distal

parts of the roots die. The mycelium extends also into the wood, turning-

it brown." It is probable that both writers observed the same struc-

tures and that only Xylaria species may be present in the infected area.

Peculiar Characteristics of Some Xylarias. In making an investiga-

tion of the pentosan content of some of the wood destroying fungi,

Wichers and Tollens (Jour. Landw. 58:238-242, 1910) found that by

the Boddner method X. polymorpha has a pentosan content of 1.21 per

cent but by the Krober method no test was given.

Wollenweber (Phytopath. 3:25, 1913) states that the stroma of

many species of fungi is not, as a rule, of any taxonomic value but that

in such cases as Claviceps, Cordyceps, and Xylaria, where the stroma

completely encloses the perithecia, or grows with a coremium-like base,

that portion of the plant may be used in its classification. Seaver

(Mycologia 5:178, 1913), however, states that there are certain species

of Xylaria that have their perithecia entirely superficial. Discounting

taxonomic value, it is interesting to note that there is a considerable

variation in the manner in which the perithecia are borne. They range

from those with stromata with a smooth to pitted appearance to those

exceedingly roughened by the superimposed perithecia.

In making a survey of the luminescence of fungi, Murrill (Mycologia

7:131-132, 1915) states that Xylaria Hypoxylon, when growing in its

native habitat, is reported as having the power, in natural periods of

darkness, to produce light either in its mycelium or in some part of its

fruit-body, but will not so respond when growing in pure cultures. The
reason for this difference is not known but may possibly be clue to the

association of photogenetic bacteria or light-producing organisms under

natural conditions.
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Much credit is due Prof. J. M. Van Hook who aided in the identifica-

tion of species and in the organization of this paper. I desire also, to

acknowledge the assistance given by Prof. John Dearness in the identi-

fication of certain difficult forms. I appreciate very much the contribu-

tions made by those who sent in specimens for study. The chief refer-

ences drawn upon, were Ellis and Everhart's North American Py-

renomycetes and Saccardo's Sylloge.

KEY TO SPECIES.

A. Heads fertile throughout.

1. Heads subclavate to clavate, stipes short to obsolete or occa-

sionally V2 the entire length (in X. polymorphs.)

a. Stromata simple to lobed, solitary to several-cespitose;

spores large, 20-30 microns X. polymorphia.

b. Stromata simple, solitary; spores medium, 7-15 microns

X. castorea

2. Heads clavate; stromata simple, solitary; stipes short, villous;

spores medium, 7^-12 microns X. corniformis.

B. Heads sterile at apex.

1. Stromata filiform, simple, attached to matrix by a felt-like sub-

iculum; spores medium, 10-12 microns X. siibterranea.

2. Stromata simple, furcate to variously branched; spores medium,

black, 9-14 microns ...'.. X. Hypoxylon.

XYLARIA POLYMORPHA (Pei'S.) Giev.

Sphaeria polymorphic Pers., Comm., p. 149.

Valsa clavata, Scopoli, Flora Carnicl., p. 398.

Xylaria clavata, Schrank, Bayrische Flora II, p. 566.

Clavaria digitata & hybrida, Bull., Champ, de France I, pp. 192-194.

Sphaeria digitata, Muller, Flora Danica XV, p. 6.

Xylaria polymorphs, Grev., Flora Edin., p. 355.

The stromata of these specimens are solitary to several cespitose

—

connected at the base, erect, cylindrical, to subclavate to subattenuate

above or below, simple to somewhat lobed, subglobose to irregular in

form, generally thick, brown to black, areolate because of irregular de-

pressions, interior woody, from 1-9 cm. high and %-2% cm. thick, and
fertile throughout; the stipes range from obsolete to 4V2 cm. in length.

The perithecia are compressed because of compact nature, V2-I mm.
in diameter, ovate to subglobose, with fairly prominent papilliform

ostiola. The asci are 8 spored, long stiped, p. sp. 120-140x7 V2 -10 microns

(140-180x8-10, in E. & E.). The spores are uniseriate, somewhat ellipti-

cal to fusoid, subacute at the ends, subinequilateral or curved, brown,

20-30x6-10 microns (20-30x6-9, in E. & E.).

Specimens number 4,060 of Indiana University Herbarium, identi-

fied by Prof. Dearness, have stromata ranging from 5^-9 cm. with stipes

one-half of the entire length.

XYLARIA CASTOREA Berk.

Xylaria castorea Berk., Fl. Nov. Zel., p. 204

These specimens are simple, solitary, arising from a reddish-brown,
spongy, bulb-like (sometimes conical) base which is from 1-2 cm. high;
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stipes short, from %-2 cm. in length; heads subclavate to clavate, some-

what compressed or flattened, 1-4% cm. high and V2 -l cm. wide, brown
to brownish-black, smooth to minutely areolate from depressions in the

surface and with a few scattered, protruding ostiola, obtusely rounded

at the apex, and fertile throughout. The perithecia are compact to

scattered, generally compressed because of crowded condition, and meas-

ure from V&-% mm. in diameter. The asci are cylindrical, 8 spored,

and measure (p. sp.) 55-80x5-7^ microns with a stipe from xk- xk
as long. The spores are brown, uniseriate, elliptical, slightly inequi-

lateral, and measure from 7-15x5-7 microns.

Specimens number 4,058 of Indiana University Herbarium, identified

by Prof. Dearness, are unusual because of the Indian-club shape and of

their smoothness.

XYLARIA CORNIFORMIS Fr.

Sphaeria comiformis Fr., Elench II, p. 57

Xylaria comiformis Fr., Summa Veg. Sc, p. 381

The stromata are generally single and scattered but sometimes

two or three are connected at the base, simple, club-shaped, not com-

pressed, obtuse at the apex, fertile throughout, with the surface of the

heads in well matured specimens divided into small, variously shaped

areas, brownish-black, rough with papilliform ostiola, and measure 3-6

mm. in diameter (4-5, in E. & E.) and 2M>-5 cm. high (3-5, in E. & E.)
;

stipes short, black, villous, arising from a spongy, brownish-purple,

tubercular base. The perithecia are compact, compressed because of

crowded condition, and measure from Vs-Vz mm. across. The asci are

cylindrical, somewhat stipitate, 8 spored, and measure (p. sp.) 45-60x5-6

microns (60-70x5-6, in E. & E.). The spores are obliquely uniseriate,

inequilaterally elliptical, rounded at the ends, brown, and measure

7

V

2 -12x4-5

V

2 microns (8-10x4

y

2 -5, in E. & E.).

XYLARIA SUBTERRANEA (Schw.) SaCC.

Sphaeria subterranea Schw., Syn. N. Am. 1162.

Xylaria subterranea Sacc, Syll. 1281.

The specimens are filiform, simple, and attached to the matrix by a

thin, felt-like subiculum. The stromata are 4-5 cm. in length and 1-2 mm.
in diameter, rough from the scattered, papilliform ostiola, the lower

portion is blackish and fertile, the upper portion grayish and sterile.

The perithecia are subglobose, V3-V2 mm. in diameter and are un-

equally crowded or scattered over the stem. The asci are cylindrical,

8 spored, with abundant paraphyses, and measure (p. sp.) 75-85x5

microns. The spores are uniseriate, oblong to elliptical, attenuated at

the ends, brown, and measure 10-12x4-5 microns.

xylaria hypoxylon (Linn.) Grev.

Clavaria Hypoxylon Linn., Flora Suec. Ed. II, p. 457

Clavaria hirta Batsch., Elench Cont., I, p. 229

Clavaria cornuta Bull., Champ, torn. I, p. 193

Valsa digitata Scopoli, Flora Carnicl. II, p. 389

Sphaeria coomuta Hoff., Veg. crypt. I, p. 11
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Sphaeria digitata Bolton, Fungi Hal. Ill, p. 130

Sphaeria ramosa Dicks., Plant, crypt. Brit. IV, p. 27

Xylaria Hypoxylon, Grev., Flora Edin., p. 355

The stromata of these specimens are simple to variously branched,

cylindric to compressed, black, %-4V2 cm. high, and pointed and sterile

at the apex; heads somewhat larger and differing from the stipe in that

they are roughened by the more or less prominent, ovate, papilliform

ostiola, and the interior is of a white fibrous material; stipes 1A- 1
/2 of

the length of the stroma, generally cylindrical, with a brownish, woolly-

tomentose base, more or less simple with branching in or at the base

of the fertile head. The perithecia are generally thickly crowded,

%-% mm. in diameter, globose to slightly compressed, and more or less

erumpent. The asci are cylindrical, long stiped sometimes V2 length

of the ascus, (p. sp.) 75-80x5% -8 microns, and 8 spored. The spores

are obliquely uniseriate, fusoid, inequilateral, obtuse at each end, light

brown to brownish-black to black, and 9-14x4% -6 microns (12-16x5-6,

in E. & E.).
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A NEW SPECIES OF GRAPHIUM.

J. M, Van Hook, Indiana University.

This fungus was first collected near Ithaca, New York, September

2, 1902. It was found growing on dead spots in living leaves of

Hamamelis virginiana L. Since the species of this genus are largely

saprophytic, a close study has been made to determine definitely its

nature. After years of collecting and careful observation, it seems to be

unquestionably a parasite. In fact one is able to distinguish it by the

character of its spots, though there are a number of somewhat similar

spots on these leaves produced by other causes. There may be some

question as to the mode of entrance into the leaf, but there is no doubt

as to its destruction of leaf tissue. Some observations in recent years

suggest that it enters through injuries of various kinds, and then spreads

rapidly through the living tissue.

Of the 86 species described in Saccardo, only six are said to be

parasitic. Of these, four are reported on living leaves. Graphium
pallescens (Fuck.) Magn. is parasitic on Stellaria nemorium in Saxony;

Graphium Geranii Vogl., on living leaves of Geranium molle; Graphium
Volkartianum P. Magn., on living leaves of Potentilla aurea in Switzer-

land. One species, Graphium rhizophilum Pat., occurs on living roots

in Venezuela. Another species, Graphium pelitnopus (Corda) Sacc, is

parasitic on Spheareacea and Tubercularia, which in turn grow upon
decaying Aesculus fruits. The only parasitic American species is

Graphium gracile Pk. found on leaves of Rubus strigosus. Graphium
Geranii Vogl. may be this species.

GRAPHIUM HAMAMELIDIS n. sp.

Spots .5 to 4 cm., circular to oval, deep brownish-drab with a

broad, dark, vinaceous drab (or brown) outer boundary, center sooner

or later falling out, leaving a lace-work of the veins; synnemata mostly
epiphyllous, erect, simple, gregarious, often growing from the veins, 500

to 825 microns tall, dark-brown but paler just below the head, diameter
at the base 20 to 50 microns, tapering to 10 to 15 microns just below
the heads which average about 50 microns in diameter, attached to the

leaf by an abruptly broadened base 50 to 100 microns in diameter, in-

dividual hyphae very slender and firmly agglutinated, brown, heads
spherical, pale in color, with abundant slime; spores naviculate to ob-

long, hyaline, 5 to 7 by 2 to 3 microns.

On living leaves of Hamamelis virginiana L. Common in southern
Indiana, where it has been collected for many years. Collected also in

Ohio and New York. Type specimen 3,852, Monroe County, Indiana,
August, 1912. 4,082, Clark County, Indiana, August 14, 1923. 810 at

Ithaca, New York, September 2, 1902.

This beautiful species seems to be very common, particularly in

the southern half of Indiana. In Monroe and Brown counties, it is to

be found everywhere.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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GLOEOSPORIUM HYSTERIOIDEUM DEAR. & BARTH.—
A LEAF DISEASE OF ACER SACCHARUM MARSH.

J. M. Van Hook, Indiana University.

This species recently described by Dearness in Mycologia, Vol. 16,

p. 167, (1924), under the title "New and Noteworthy Fungi", has been

under our observation since 1920. His type material came from the

vicinity of Cincinnati, Ohio, and was collected in September, 1922. While

it is of interest as a new species, it is of equal interest as a defoliating

fungus, particularly in seasons of great moisture and on younger trees.

Those trees up to 50 feet in height are most affected. Our observations

have been confined, in the main, to many hard maple trees located in a

deep hollow in a practically untouched forest in southern Indiana.

By August the spots are quite large and some defoliation sets in, even

in dry seasons. In 1920, a wet season, there was almost complete

defoliation whereas in 1922, a comparatively dry year, spotting was
severe but the injury much less.

The spots on the leaves in 1922 were entirely different from those

on leaves in 1920. In fact, they were quite definite, had broad yellow

borders, became quite pale in the center, and did not spread to more
than three centimeters in diameter. The unusually dry season at the

time of spot development, in 1922, doubtless produced a slower and more
definite growth of the spots. The difference in this case was so marked
that an ordinary examination of the affected leaves of the two seasons,

would suggest two entirely different fungi as the cause.

The following is our original description of this most interesting-

species, written in 1923, and unpublished. While the published descrip-

tion is one of unusual clearness, our observations during three seasons

led us to incorporate some additional data.

Description: Spots amphigenous, distinct, without a margin, red-

dish-brown, circular to irregular, one-half to one cm., finally coalescing

and spreading over the entire leaf, in some seasons the spots are much
more regular, circular in outline with broad yellow margins becoming-

paler in the center, 3 cm. in diameter, and while coalescing, they do

not destroy the entire leaf; acervuli distinct, epiphyllous, numerous, 25

to 500 microns in diameter, averaging about 100, covered at first by the

darkened cuticle, later rupturing it and continuing to spread circularly

or irregularly; spores scarce, 12 to 15 by 15 to 20 microns, hyaline,

pyriform, conoidal, ovate, or almost spherical ; secondary spores abun-

dant, hyaline, oblong, bacteria-like, very small, xk to 2 1
/£ by 5 to 10

microns. On living leaves of Acer sacoharum Marsh., Borden, Clark

County, Indiana, September 10, 1920. Number 3,827. October 20, 1922.

3,936. August 14, 1923. 4,089.

If the spores be examined after August, scarcely a trace of the

larger ones (pycnospores) can be found. The smaller, bacterium-like

ones are exceedingly numerous after that time. These are the so-called
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spermatia or bacillar conidia. This condition is similar if not identical

to that described in Guignardia Aesculi (Pk.) V. B. Stewart ("The Leaf

Blotch of Horse-chestnut", Phytopathology, Vol. 6. pp. 5 to 19). It is

also very unusual that the smaller spores should measure slightly larger

(1 to 2V2 by 5 to 10 microns) in 1922 than those of 1920 which were

V2 to 1 by 5 to 6 microns. This may indicate a condition similar to that

in leaves of Aesculus where Stewart describes two sizes of spermatia.

This point was not determined.

INDIANA FUNGI—IX.

J. M. Van Hook, Indiana University.

The fungi herein reported, are either new to the state, or to the

county, or are on hosts not before reported, or are those that exhibit

characteristics not before described so far as we have been able to

learn. In a few cases, entire descriptions have been newly written. The
season of 1925 was not ideal for the development of leaf spot fungi,

which are usually members of the Imperfect group. Apparently, the

unusual and continued dry weather during spring prevented the growth

of these fungi at a time when they ordinarily begin to develop. Certain

diseases, as the sycamore anthracnose, which has been gradually in-

creasing in severity for a number of years, were scarcely noticeable in

the vicinity of Bloomington.

PHYCOMYCETES.

Plasmopwra viticola (B. & C.) Berl. & DeToni. "White Rot of

Grapes." On living leaves, stems, berries, and berry stalks

of fall blue grapes, Monroe County, August 5, 1924, J. M. V.

4026. Appeared early in July and began to rot the berries badly

when about half grown.

BASIDIOMYCETES.
USTILAGINALES.

Sorosporium Syntkerismae (Pk.) Farl. On Panicum dichotomi-

florum Michx., Monroe County, September 25, 1925, Riecken
4980.

Sphacelotheca Sorghi (Link) Clinton. On Kaffir corn, Shelby Coun-
ty, September 1, 1925, Hawkins 4087.

UREDINALES.

Dicaeoma Rhamni (Pers.) Kuntze. (Puccinia coronata Cda.) On
leaves of Rhammis cathartica L., Monroe County, June 27, 1924,

Blaydes 4016. Same, May 19, 1925, J. M. V. 4099.

POLYPORACEAE.

Boletus mutabilis Morg. Open woods, Monroe County, July 15,

1925, J. M. V. 4073. In open blue grass lawn, October 19,

1925, 4084.
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ASCOMYCETES.

Massaria conspurcata Wallr. On twigs of cultivated Primus (large

blue plum), Monroe County, July 1, 1925, J. M. V. 4075.

Physalospora Ambrosiae E. & E. On living leaves of Ambrosia
trifida L., Shelby County, September 1, 1925, Hawkins 4081.

Spots brown or yellowish brown, darker in center, circular,

2/3 to 2 cm. in diameter, sometimes spreading, often situated

across the main veins of the leaf; perithecia usually gregarious

near the center of the spot, dark, amphigenous but mostly

epiphyllous, showing through on both sides, 200 to 450 microns

in diameter, later collapsing above; asci gelatinous, clavate,

spore bearing part 50 to 75 microns, with spores sometimes

transverse in the ascus ; spores hyaline, granulate, continuous,

sub-globose to elliptical, granulate, one-guttulate, 7 to 12 mic-

rons.

Xylaria castoria Berk. Monroe County, 1908, J. M. V. 4058. This

is a most unusual form, being very smooth and in shape very

similar to Indian clubs. It is unlike any we have heretofore

collected and was identified by John Dearness.

Xylaria comiformis Fr. Am unusual form collected in Montgomery
County by Hemmer in 1916, and identified by Dearness. 4059.

Xylaria polymorpha (Pers.) Grev. On white-oak post at surface

of ground in a shaded spot, clustered, West Point, Tippecanoe

County, March 27, 1925, Paul E. Harris 4060. Identified by

Dearness. A form with stipes of length equal to ascus bear-

ing part.

FUNGI IMPERFECTI.

SPHAEROPSIDALES.

Phyllosticta liriodendrica Sacc. On living leaves of Liriodendron

Tulipiferu L., Monroe County, Summer 1923, J. M. V. 4055.

These spores are bi-guttulate (appearing as a light spot in the

center in strong light.) This character is mentioned in North

American Phyllostictas by Ellis & Everhart, p. 38.

Phyllosticta Paviae Desm. (Guignardia Aesculi (Pk.) V. B.

Stewart.) On living leaves of A esculus glabra Willd., Madison

County, May 16, 1925. J. M. V. 4070. Very severe, killing

all the leaves on many young bushes.

Phyllosticta prunicola Sacc. On living leaves of one year old seed-

lings of Prunus serotina Ehrb. Almost every leaf of 300 seed-

lings which ranged in all heights up to three feet, were so

badly spotted as to attract attention. The description compares

fairly well with ours except that ours have a broad purple

margin. There are so many of these small-spored Phyllosticta

species described on certain genera of the Rosaceae, that it is

exceedingly difficult to determine with certainty when com-

paring one's specimen with the poor descriptions. We are,

therefore, giving the description of our specimens: Spots

amphigenous, circular, 2 to 8 mm. in diameter, vinaceous tawny
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to sorghum brown (Ridgeway) when dry, bounded by a purple

zone V2 to 1 mm. broad; pycnidia epiphyllous, few, dark, ruptur-

ing the epidermis, small, 35 to 65 microns in diameter, with a

distinct pore; spores yellowish in mass, elliptical, very small,

2 by 3 to 5 microns.

Phyllosticta ulmicola Sacc. On living leaves of Uhnus fulva Michx.,

Monroe County, July 1912, J. M. V. 3480. These specimens

are identical with those of number 3957, Uhnus americana L.,

except that these spots become lacerate as described for P.

lacerans Pass., are few or many, well scattered, not limited by
the veins. The most noticeable character is spore color, which

suggests strongly a Coniothyrium. P. Melaleuca E. & E. should

possibly be referred here. It is said to have pycnidia 100 to 120

microns in diameter; but ours range from 50 to 150, though

mostly 60 to 80. The description by Davis (Trans. Wis. Acad.

Sci. Vol. 19, p. 711. 1919.) is a remarkably fine one for our

fungus. In "Indiana Fungi-VII" (1923), we referred this

species to P. melaleuca E. & E.

Septoria Oenotherae West. On living leaves of Oenothera biennis

L., Monroe County, May 20, 1925, J. M. V. 4061. Pycnidia

epiphyllous, 50 to 83 microns in diameter, pore broad, spores

30 to 40 by 2 microns. This fungus is very common in early

spring on the rosette leaves.

Septoria Polygonorum Desm. On living leaves of Polygonum Persi-

caria Desm., Monroe County, July 1, 1925, J. M. V. 4098.

Although the pycindia of our specimens are 65 to 100 microns

and the spores 1 to 1% by 25 to 50, we feel that it should be

referred to S. Polygonorum Desm., rather than to S. polygoni-

cola (Lasch.) Sacc, which is described as having rather

straight spores 1 by 40 to 50 microns and no discolored border.

It appears on the leaves very much as illustrated for S.

persicariae P. J. O'Gara in Mycologia Vol. 9, 1917, p. 248. This

disease is sometimes severe enough to cause almost complete

defoliation of its host on low ground. In such cases, a yellow-

ing quickly follows the spotting of the leaves.

Septoria Ribes Desm. On living leaves of cultivated Ribes Gros-

sularia L., Putnam County, August 14, 1924, Glen W. Blaydes

4057.

MELANCONIALES.

Gloeosporium Cdryae Ell. & Dear. On living leaves of Ccurya alba

(L.) K. Koch., Shelby County, August 29, 1925, Hawkins
4083. This anthracnose, which is more or less severe every

year, was unusually noticeable in Monroe County in 1925.

Gloeosporium hysterioideum Dear. & Barth. A very severe leaf

disease of Acer saccharum. Marsh., Borden, Clark County, Sep-

tember 10, 1920, 3827; October 20, 1922, 3936; August 14,

1923, J. M. V. 4089. (See "Gloeosporium hysterioideum Dear.

& Barth.,—A Leaf Disease of Acer saccharum Marsh.", in

this issue.)
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Marsonia Martini Sacc. & Ell. On living- leaves of Quercus Robur
L., Monroe County, June 25, 1920, J. M. V. 3775. The spores

here are 2V2 to 5 by 12 to 18 microns and variously shaped,

curved, cylindrical, mostly not septate, usually constricted at

the middle or at the septum. Our specimens agree so well with
the descriptions of both M. Martini Sacc. & Ell. and M. Quercus
Pk., as to suggest that the two are identical. The spore size

and shape are identical. While our specimens agree better

with M. Quercus Pk., they are nearer M. Martini Sacc. & Ell.

as to spot characters.

HYPHOMYCETES.

Cercospora granuliform.is Ell. & Holw. On leaves of Viola sororia

Willd., Shelby County, August 29, 1925, Hawkins 4077.

Piricularia grisea (Cke.) Sacc. On living leaves of Syntherisma
sanguinalis L., Shelby County, August 27, 1925, Hawkins 4082.

Ramularia dubia Riess. On living leaves of Chenopodium album
L., Shelby County, August 29, 1925, Hawkins 4086. Spots

(above) brownish-yellow surrounded by a broad greenish-yel-

low border; below, paler, pallid yellow, circular, 3 to 8 mm. in

diameter; conidiophores tufted, (tufts 50 to 87 microns), light

brown in mass, continuous, seldom toothed, erect, cylindrical,

enlarged or narrowed at the apex, seldom bent, 4 to 6 by 15

to 40 microns (mostly about 15 to 20) ; conidia fusiform,

cylindrical, clavate, obclavate, curved or variously shaped, with

enlargement or with enlarged cell at the end or central part of

the spore, continuous to three septate, hyaline, irregularly

guttulate, 5 to l xk by 17 to 52 microns (mostly about 25 to 35

in length) ; mycelium is hyaline, abundant, much branched,

guttulate. Although the conidiophores are somewhat colored

in mass, the mycelium is hyaline. This, doubtless, is the cause

of much confusion as to the genus. The peculiar and varied

spore shapes are discussed somewhat by Winter (Die Pilze, 9,

p. 800). He says: "einzellne Zellen oft ungleich besonders eine

oder beide mittleren mit gewoelbter Membran, also breiter als

die Endzellen". This variation in spore shape is one of the

most characteristic things about our specimens. They are often

noticeably swollen, not only in the middle, but also at either

end, particularly when the spore is continuous or only two-

celled.

MYXOMYCETES.
Stemonitis Morgani Pk. On Catalpa stump, Benton County, Sep-

tember 1925. Loughridge 4078.
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INDIANA PLANT DISEASES, 1924.

Max W. Gardner," Purdue University Agricultural Experiment Station.

This is the sixth of a series of annual summaries 3 of the plant
disease situation in the state. No claim for completeness is made.

MAR.

DEPARTURES FROM NORMAL TEMPERATURE, 1924.

APR. MAY JUNE JULY AUG. SEPT. OCT.

-6 C

NORMAL /
40.4 fb iV 62.3 71.4 75.3 / V73.4 66.7/ 54.6

DEPARTURES FROM NORMAL PRECIPITATION, 1924.

3.73 3.47 /HJORMAL

•

4.12 3.84 \ 3.45 / 3.26 3.<\ 2.

Fig. 1—Departures from normal temperature and precipitation based on monthly
averages supplied by J. H. Arming'ton in Climatological Data.

1 Contribution from the Botanical Department, Purdue University Agricultural Ex-
periment Station.

2 The writer wishes to acknowledge the co-operation of H. S. Jackson, E. B. Mains
J. B. Kendrick, G. N. Hoffer, W. E. Leer, F. P. Cullinan, C. L. Burkholder, C. E
Baker, H. D. Brown, K. E. Beeson, and H. F. Dietz.

3 Gardner, Max W. Indiana plant diseases, 1919. Proc. Ind. Acad. Sci. 1919:
135-156. 1921. Indiana plant diseases, 1920. Same 1920:187-208. 1921. Indiana plant
diseases, 1921. Same 1923:163-201. 1924. Indiana plant diseases, 1922. Same 1923
202-211. 1924. Indiana plant diseases, 1923. Same 1924:297-313. 1925.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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The weather during the 1924 season, as shown in the graphs in figure 1,

was characterized by a cool May, June, July, and September, high rain-

fall in June, August, and September, and a hot dry October. The cool

wet weather greatly favored such fungus diseases as apple scab, rust,

and black rot, tomato leaf spot (Septoria), cantaloupe leaf blight,

celery late blight, Rhizoctonia infection, anthracnoses and downy mil-

dews, while the Fusarium wilt diseases and the mosaic diseases were

not as serious as usual.

Diseases Arranged Alphabetically by Hosts.

Alfalfa:—Leaf spot caused by Psendopeziza medicaginis was prev-

alent, and downy mildew (Peronospcra trifoliorum) was noted in the

spring.

Apple:—Scab, caused by Venturia inaequalis, was greatly favored

by the cool wet spring and was especially serious on Delicious, Rome,

Wealthy, and Stayman in southern Indiana. The disease seems to be

particularly difficult to control on Delicious. On Delicious trees at

Crawfordsville that had not received a pre-pink spray, calyx lobe in-

fection was found on small green fruits showing no typical lesions. The
infected calyx lobes 4 were killed and the fungus was sporulating on them.

In Miami Co. evidence was obtained that spring cultivation has been

of some benefit in scab prevention. Foliage infection was very severe

on Delicious and Rome and was noted on the somewhat resistant Trans-

parent variety. In a 30-acre planting made in 1922 and composed of

unsprayed Jonathan, Stayman, Grimes, Rome, and Wealthy trees, the

very heavy scab infection had caused considerable defoliation and

consequent retardation of growth. This must have originated from wind

blown spores and emphasizes the necessity of spraying young orchards.

Blotch, caused by Phyllosticta solitaria, was extremely serious al-

though the infection period began later and continued later into the

season than usual. The latter conclusion is based to some extent upon

the fact that in Orange Co. blotch sprays applied May 1 (petal-fall),

15, 30 and June 13 on Oldenburg gave a poorer control than similar

sprays applied May 3 (petal-fall), 17, June 7 and 21 on Ben Davis

and May 9 (petal-fall), 30, June 14, and 28 on Rome. This retardation

of the infection period is attributed to the very cool spring and early

summer, particularly the low temperatures in May.
A considerable section of the experimental orchard near Mitchell

is composed of a mixed planting of a large number of varieties, each

represented by a few trees. A survey of this orchard made on

August 14 showed the presence of blotch cankers on the following

varieties not previously recorded as susceptible in Indiana : Florence

Crab, Mcintosh, Springdale, McMahon, Hightop Sweet, Pease, Mil-

waukee, Baldwin, Tolman, Early Harvest, Huntsman, Domine, Tetofsky,

Red Astrachan, Ralls, and Thaler. Fruit infection was noted on the first

four named and on Ralls (1923 crop). Mcintosh, McMahon, Summer
4 Keitt, G. W., and Jones, L. K. Sepal infection in relation to the seasonal develop-

ment and control of apple scab. Abs. in Phytopath. 14:36. 1921.
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Rambo and Red Astrachan were abundantly cankered. On July 9 a few

blotch cankers were found in this orchard on young Delicious trees,

a variety previously supposed to be more or less immune to this disease.

Blotch has been reported on the Bellflower variety in Morgan Co. Ac-

cording to our present records blotch has been found on a total of 63

varieties in Indiana.

In an old commercial orchard in Miami Co., in which the disease

had not been previously noted, one isolated fruit lesion was found on

Ben Davis. Fruit infection was noted on old dooryard Wealthy and

York trees in Jackson Co. A badly infected home orchard of Smith

Cider was reported in White Co. Fruit infection caused a heavy loss

in unsprayed Stark trees in Lawrence Co. Badly infected fruit of the

Winter Banana variety was sent in from Johnson Co. A few infected

fruits were noted in a Jonathan tree in Orange Co. and a canker on

1921 wood was found directly above them.

As to the mode of origin of blotch cankers, the Oldenburg and

other varieties have been found similar to Northwestern in that almost

all of the cankers on bearing wood are located at leaf scars and are the

result of mycelial invasion from basal petiole lesions. Stover and May
have observed that the same is true for Smith Cider in Ohio, and

Hesler8 has corroborated it for Tennessee conditions. H. F. Dietz 7 has

found blotch in six Indiana nurseries and has found evidence of its

introduction on Kansas seedlings.

Because of the extreme prevalence of cankers on Oldenburg it

is likely that the use of Oldenburg fillers has served as a means of

introducing the disease into many orchards. On account of the alternate

bearing habit of this variety and the tendency on the part of growers to

omit the sprays when no fruit is present, this variety constitutes a par-

ticularly dangerous reservoir of infection.

Black rot, caused by Physalospora malorum,
.
in the form of a calyx-

end rot of the fruit still on the tree caused very heavy losses in certain

varieties in southern Indiana, even in well-sprayed trees. This type of

rot was most destructive on Transparent, where brown zonated lesions

were produced (fig. 2), and was common also on Delicious, Arkansas,

Gideon, Wealthy, and Jonathan. Seldom was the invasion equally ex-

tensive on all sides of the calyx and early stages of invasion as observed

on Transparent on July 9, showed that the lesion was always at one side

of the calyx at first and apparently emanated from one calyx lobe.

The lesions were usually zonated with the zones concentrically arranged

about the calyx lobe in such a manner as to indicate that the latter was
the point of origin of the lesion. In one such case a microscopic ex-

amination showed pycnidia with mature pycnospores in the calyx lobe

while the pycnidia in the fruit tissue were immature, a condition which
might readily result from the earlier infection of the calyx lobe and a

later invasion of the fruit tissue from that calyx lobe. It seems very

5 Stover, W. G., and May, Curtis. Studies on apple blotch in Ohio. Abs. in Phyto-

path. 14:60. 1924.
6 Hesler, L. R. Apple blotch control. Proc. Tenn. Hort. Soc. 19:49-55. 1924.
7 Wallace, Frank N., Dietz, Harry F., and others. Repot of the revision of ento-

mology. Ind. Year Book 192', :206-228. 1925.
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Fig. 2—Calyx-end black rot lesions on immature apples of the Transparent variety,

probably the result of calyx lobe infection.

likely that the calyx-end fruit invasion is the result of calyx lobe in-

fection.

On July 9, rather heavy infection of frogeye spot was observed

on the lowermost leaves of an Oldenburg tree directly above mummied
fruits lying on the ground, at once suggesting the possibility of splash

infection from the latter source. Shallow cankers are very common in

old trees, superficial as a rule, but conspicuous.

Fire blight, caused by Bacillus amylovorus, was less destructive

than in 1923 but was serious in southern Indiana especially as a twig

blight on Jonathan and a blossom blight on Grimes. Cullinan reported

a twig blight of Jonathan extremely destructive in the orchard in

Franklin Co. in which this disease has recurred annually, and fire blight

was reported very severe around Evansville. This disease is a real

menace to Jonathan in the southern end of the state. Serious fire

blight was noted on the Detroit Red variety in Orange Co. Because of

its extreme susceptibility, the Esopus variety is a dangerous reservoir

of infection. A case has been found in Orange Co. where a few scattered

Esopus trees in a Jonathan block apparently have been resposible for

considerable infection of the near-by Jonathans.

In a planting of young Oldenburg trees in Knox Co. that has been

under observation during the last three years, blossom and twig blight

was serious in 1922 and again in 1924, but was not serious in 1923

when the disease was at its worst in the state as a whole. There is

a large, badly blighted pear orchard about one-half mile distant which
blossomed in 1922 and 1924 but not in 1923. Between this orchard and
the block of Oldenburg above mentioned is a large apiary. Blight in the

Oldenburgs seems to be correlated with the seasons in which the pear

orchard blossoms and it seems likely that the infection is carried by bees.

Cedar rust (Gymnosporangium juniperi-virginianae) was more prev-

alent in the southern half of the state than has been previously noted

by the writer, and because of the high incidence of fruit infection,

particularly at the calyx end, became a matter of real concern to com-
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Fig. 3—Effects of cedar rust on apple fruit. A and B. Longitudinal sections show-

ing two types of internal browning of the tissues at the calyx end of the fruit. Gideon

variety. C. Brown, shrunken, puckered calyx-end rust lesion showing no pycnia or

aecia. Gideon variety. D. Brown, puckered lesion at stem end showing no pycnia or

aecia. Gideon variety. E. Rome apple showing lop-sidedness due to early infection

by rust in the stunted side and a deep cavity marking the site of the rust lesion. F.

Rust lesion on a Rome apple showing the aecia protruding.

16—35508
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mercial growers. Fruit infection was found serious on Oldenburg,
Delicious, Wealthy, Rome, Jonathan, Gideon, and Red June and was
almost always associated with the calyx, in fact the lesions seemed
to emanate from one side of the calyx, as in the case of black rot

above recorded. About 30
;
000 Oldenburg apples were carefully examined

in connection with a blotch spray test and of the very considerable

number of rust lesions observed fully 95 per cent were located at the

calyx end. The same holds true for Wealthy, Jonathan, Gideon, Red
June and many other varieties. The impression was obtained that most
of the fruit lesions were the result of very early infection of the calyx

lobes and it seems possible that the latter may very likely remain sus-

ceptible to infection longer than the fruit proper. However, infection at

the stem-end and elsewhere was noted on Rome and Wealthy.

In Oldenburg, Delicious, and particularly in Gideon, as observed in

Orange Co., many of the fruit lesions were very atypical in that no

waxy yellow elevated areas bearing pycnia or aecia were present. In

these cases the infection had caused a puckering and internal brown
necrosis of the tissues about the calyx end (fig. 3, A, B, C). Sections

showed that the affected tissues were rather extensively permeated by

the intercellular rust mycelium. This type of infection caused rather

extreme deformation and sometimes cracking of many of the fruits

which, in the case of Delicious, caused considerable financial loss. In

fact in all varieties affected, the rust infection frequently caused crack-

ing, deformity, or stunting of the fruit (fig. 3, E), although the

majority of the lesions remained rather small and inconspicuous. In

Delicious the rust infection sometimes caused a constriction of the

fruit just below the apex. On Red June, the lesions were conspicuous

because they prevented the red coloration.

In addition to the varieties above mentioned, calyx-end fruit in-

fection of rust was observed on Winesap (trace), Stayman (trace),

Grimes (trace), Stark, Transparent, Esopus, Rambo, Arkansas, Ben
Davis, and in the Experimental Orchard at Mitchell on Salome, Spring-

dale, Florence Crab, Wagener, Sweet June, Rhode Island, Dr. Matthews,

Fall Wine, Excelsior, White Pippin, Indian, Peter, Domine, Winter

Banana, and Iowa Blush. Leaf infection was noted on Ben Davis

(trace), Grimes (trace), and was severe on Rome, Jonathan, and

Wealthy. In the Experimental Orchard leaf infection was observed

to be severe on Minkler, Missouri Pippin, Scott's Winter, Sweet Bell-

flower, Indian, and Winter Banana, and was present on Excelsior, Yel-

low Bellflower, Peter, Ronk, Paradise Winter Sweet, Sweet June, White

Pippin, and Fanny.

No rust infection was found on the following varieties in the

Experimental Orchard, all of which were scattered among the infected

varieties and without doubt as much exposed to infection as were those

which became infected: Genet, York, Wolf River, Westneld, Tolman,

Arkansas Black, Kinnard, Jacob's Sweet, Akin, Northern Spy, Pease,

Big Rambo, Milwaukee, Baldwin, Jersey Black, Grimes, Maiden Blush,

McMahon, Lawver, Huntsman, Arkansas, Stayman, Summer Rambo,

Red Astrachan, Winesap, Dwarf Delicious, Fall Queen, Golden Russet,

Tetofsky, Detroit Red, Walbridge, and Hibernal.
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Fig. 4—Unusual effects of the cedar rust fungus on apple (variety, Rome). A.

Rust lesions near base of pedicel which have killed the young fruit. The fungus has

also invaded the spur at the bast of the pedicel. Enlarged X2. B. Two young fruits

killed by the swollen rust lesions on the pedicels. Enlarged X2. C. Rust lesion at

the base of a leaf petiole which had resulted in the death of the leaf. Enlarged XI %.
D. Swollen rust lesion on a twig at the base of an infected leaf petiole. The leaf

had been killed by the fungus. Enlarged XI %. E. Two twigs showing barrel-shaped

swellings due to rust infection. Enlarged X3. F. Two twigs showing rust cankers.

Enlarged X3.
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In certain young Rome trees in Orange Co. exposed to heavy infec-
tion from near-by red cedars, a variety of very severe and unusual rust
symptoms was observed. Many fruits had been killed outright when
very small by the swollen pedicel lesions of the rust and remained at-

tached to the twig (fig. 4, A, B). Other fruits were not killed but
showed various degrees of stunting as a result of this type of infection

and also as a result of stem-end lesions. Other fruits were lop-sided or

otherwise deformed as a result of the inhibiting effect of rust lesions

and in many of the latter deep cracks exposed the inner tissues (fig. 3,

E). As is often the case in the Rome variety, the fruit lesions very
frequently bore the aecia of the fungus (fig. 3, F). Abundant petiole

and twig infection was also found on these trees, and these lesions as

well as the pedicel lesions usually bore a few aecial cups (fig. 4, C).

Frequently the swollen petiole lesions had killed the leaf and in certain

cases observed, a basal petiole lesion or pedicel lesion was co-extensive

with a twig lesion, a condition which suggested that twig lesions may
sometimes result from mycelial invasion from infected petioles or

pedicels (fig. 4, A, D). However, twig lesions were also present be-

tween the leaf scars, so that direct infection of the twigs must also

occur (fig. 4, E, F).

The early scab sprays apparently did not prevent fruit infection

by the rust, but, in the Oldenburg block sprayed for blotch control,

the 2-6-50 and 4-6-50 Bordeaux sprays gave a fair control of rust in-

fection. As a result of observation made during this rust epiphytotic

it may be said concerning the important commercial varieties in Indiana

that Grimes, Stayman, Ben Davis, and Winesap showed reliable re-

sistance, Jonathan and Oldenburg suffered considerably from fruit in-

fection, and Delicious, Wealthy, and Rome were severely subject to

fruit infection. Jonathan, Wealthy, and Rome proved very susceptible

to leaf infection.

Bitter rot, caused by Glomerella cingulata, was not found serious

this year. It occurred on the King David variety and B. A. Porter

found a scattering infection on Grimes in Knox Co. early in July, but

this never developed into an epiphytotic, probably because of the re-

latively cool weather. The first fruit lesions were collected on July 1.

One grower combats this disease by picking and removing from the

orchard all of the infected fruits as soon as they are detected so as to

remove sources of infection.

Blister canker, caused by Nummidaria discreta, occurs to a con-

siderable extent in old orchards. It was found on Transparent and

20-ounce Pippin in Marion Co., on Lawver in Orange Co., and on

neglected trees near Lafayette. Sooty blotch ( Phylkichora pomigena)

was reported serious on Winesap, Stayman, Arkansas, and especially on

Stark in Orange Co. by H. E. Newland, who made rather extensive ob-

servations. Sooty blotch was observed on Grimes in Jackson Co. Brown

rot (Sclerotinia ciner'eci) occurred in Esopus and Alternaria core mold in

Stayman fruit in Orange Co. An internal core rot not visible exter-

nally was found somewhat prevalent in the Transparent variety in an

orchard in Orange Co., on July 10. A species of Fusarium was as-

sociated with this rot.
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Jonathan spot was less prevalent than usual and was noted on

Jonathan and Esopus in southern Indiana. Bitter-pit or stippen was
likewise less prevalent than usual and was noted on Grimes and Stark

in southern Indiana. A very general russetting of the fruit on un-

sprayed as well as sprayed trees in southern Indiana, particularly on

Grimes, has been attributed to frost injury, although it closely re-

sembles Bordeaux russet. Typical frost bands were observed on

Chenango in Miami Co. Extremely serious Bordeaux russet occurred

on Ben Davis, Winesap, Grimes, and Arkansas in Orange Co. as a result

of the blotch sprays. In extreme cases the growth of the badly russetted

side of the fruit was inhibited and broad surface channels, apparently

a result of early cracking of the cuticle, were produced.

Baker found an interesting case of apple scald in which conspicuous

green spotting of badly scalded fruit was produced by the complete

failure of the scald discoloration to develop in rather definite zones

about the numerous stippen lesions. It was also noted that the scald dis-

coloration failed to develop about a wound on one of these fruits. H.

E. Newland found a Grimes tree in Orange Co. badly affected with the

non-parasitic brown bark spot (Swingle and Morris), and the pimple

stage of this disease was found on both the 1923 and 1924 wood of

watersprouts of neglected trees near Lafayette.

Barley:—Net blotch, caused by Helminthosporium teres, spot blotch,

caused by H. sativum, and stripe, caused by H. giramineiim were noted

near Lafayette by A. G. Johnson. Mains found anthracnose, caused by
Colletotrichum cereale, serious near Lafayette and reported a slight

amount of leaf rust (Pucrinia simplex). Covered smut (Ustilago hordei)

was found by A. G. Johnson. Gregory found loose smut (Ustilago nuda)
in Harrison Co.

Bean:—Bacterial blight, caused by Bact. phaseoli, was somewhat
less destructive than usual. Stem lesions were found causing the death

of plants in one field in late August and the organism was isolated.

In a field plot of 61 varieties, the following escaped infection : Bountiful,

Dwarf Horticultural, White Marrow, Challenge Dwarf Wax. Scarlet

Runner (Phaseolus coccineus) and White Dutch Runner (P. coccineus

var. albas) also escaped infection. Infection was noted on hyacinth

bean (Dolichos lablab).

Mosaic was observed on all but 18 of the 61 varieties above men-
tioned and was also noted on White Dutch Runner. It occurred on

WardwelFs Kidney Wax, the variety which escaped infection in 1921,

1922, and 1923. Anthracnose (Colletotrichum lindemuthianum) was
reported from Vanderburg and Marion counties. Rust (Uromyces ap-

pendiculatus) was serious on the fall crop, particularly the Kentucky
Wonder variety. It was worse in the southern part of the state.

Lima bean:—Bacterial blight, caused by Bact. phaseoli, was noted in

gardens. Bacterial spot, caused by Bact. vignae, was serious on the

foliage. The variety, Henderson's Bush, which, according to Bailey,8
is

a species different from the lima bean, shows resistance to this disease.

Mosaic was observed on the Henderson's Bush variety.

8 Bailey, L. H. Manual of cultivated plants, 851 pp. 1924.
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Velvet bean:—Mosaic occurred in an experimental garden as well as

foliage infection with Bad. vignae.

Beet:—Leaf spot caused by C&icospora beticola was noted in

gardens.

Blackberry:—Leaf spot, caused by Mycosphaerella rubi, was worse
than usual but not as severe as on red raspberries. Orange rust

(Kankelia nitens) was serious locally. Powdery mildew was found
near Lafayette on June 19 by E. C. Stair.

Blueberry:—Dry rot of the fruit caused by Sclerotinia vaccinii-

coryjnbosum;' was found near Elkhart on July 23, by L. Greene.

Buckwheat:—Leaf mold caused by Ramularia anomala occurred near
Lafayette in October. Seed-carriage of the disease was demonstrated.

The sepals remain attached to the "seed" or grain and in inoculation

tests sepal infection was obtained, so it seems likely that the fungus
is carried in the sepals.
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Fig, 5- Under surface of portion of cabbage leaf showing blackened lace-like downy
mildew lesions bearing the white sporophores of the fungus.

Cabbage:—Yellows, caused by Fuso/rium conglutinans, was less

destructive than usual because of the cool season. Black leg, caused

by Phoma lingam, was serious in seed beds as a result of seed-borne

infection. Club-root, caused by PlasmodiopJwra brassicae, was more
destructive than usual in the few localities where it occurs, probably

9 Reade, J. M. Preliminary notes on some species of Sclerotinia. Ann. Mycol. 6:

109-115. 1908.
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because of the wet season, since Monteith 1 " has shown that a high soil

moisture content favors the disease. Black-rot, caused by Bact&rium

campeshre, was somewhat worse than usual, but was not a serious

factor. Black leaf spot, caused by Alternaria brassicae, was found

serious in a field in Lake Co. in October. The fungus not only caused

blackened target-board spots on the leaves, but attacked particularly the

bases of the leaves even well up into the head and caused many of the

older leaves to drop off. Downy mildew (Peronospora parasitica) was
found in a field in Lake Co. in October which had been flooded earlier in

the season. The downy mildew lesions were large yellowish blotches

(1 to 3 cm. in dia.) on the distal halves of the lower leaves with a

black lace-like pattern visible in transmitted light and often with a

whitish velvety growth of conidiophores (fig. 5).

Fig. 6—Cantaloupe leaf showing lesions of leaf blight due to Macrosporium cucum-
crinum.

Cantaloupe:—Leaf blight (fig. 6), caused by Macrosporium cucum-
erinum, assumed major importance this year and by prematurely de-

stroying the foliage was, at least to some extent, responsible for the

insipid tasteless fruit. As observed in Jackson Co. on August 27, this

disease was the cause of a virtual crop failure. Seventy-five per cent

of the leaves were killed and lesions were so numerous on the young
leaves as to blight them outright. The fruit was of a very poor quality.

Gregory reported a similar condition in Morgan Co. A grower in Allen

Co. obtained a good control of this disease by spraying with Bordeaux.
Bacterial wilt and mosaic were not as serious as usual. Severely destruc-

tive symptoms of mosaic were observed in experimental plots, ranging
from the typical mottling and dwarfing to a wilting and death of the

plants such as often occurs in the case of cucumbers.

50 Monteith, John. Relation of soil temperature and soil moisture to

Plasmodiophora brassicae. Jour. Agr. Res. 28:549-561. 1924.

ifection by
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Carrot:—Leaf spot, caused by Cercospora apii carotae, was serious

in market gardens about Indianapolis.

Celery:—Late blight, caused by Septoria apii, was worse than usual

and was found serious on the late crop in market gardens, killing the

older leaves and spotting the petioles. The Fusarium yellows disease

was less severe than usual.

Cherry:—Leaf spot, caused by Coccomyces hiemalis, was even worse

than usual and caused early and complete defoliation.

Chicory or Curled Endive:—A rosetting and stunting, possibly of a

mosaic nature, was observed in October in a market garden at Lafayette.

Clover:—Anthracnose, caused by Colletotrichum trifolii, was found

serious on Italian varieties at Lafayette. Bacterial spot, caused by
Bad. trifoliorum, occurred on red clover near Lafayette. Powdery mil-

dew was worse than in 1923 but not as bad as in 1922. Sooty spot,

caused by Phyllachora trifolii, was prevalent on white clover in lawns.

Mains observed necrotic leaf spotting as a result of mosaic.

Corn:—Smut (Ustilago zeae) was as prevalent as usual. Mains
reported leaf rust (Puccinia sorghi) worse than usual, causing the

death of the leaves. Stewart's disease, caused by Bad. stewartii, was
reported on Crosby and Golden Bantam sweet corn. Hoffer reported

a 5 per cent loss due to root rot and found ear rots less prevalent

than in 1923 because of the dry fall weather.

Cowpea:—Bacterial spot, caused by Bad. vignae, was destructive

in our field plots due to the frequent rains, and caused a seedling blight,

and later, leaf spotting, defoliation, and deformity or partial atrophy

of the pods. The disease was found rather general in the field crop

(var. New Era) in Jackson Co. Bacterial spot has been found on 23

varieties and no resistant varieties have been found. The disease also

occurs on catjang (Vigna catjang), asparagus bean (V. sesquipedalis),

Lima and sieva beans, velvet bean, and the weed, tick trefoil (Des-

modiiim canescens). Infection has also been obtained on hyacinth bean

(Dolichos lab lab).

A spot disease 11 caused by Cladosporium vignae occurred on the

Early Buff variety in our plots. Blackened spots occurred abundantly

on the peduncles, young stems, and pods and sparingly on the leaves.

The causal fungus was isolated and inoculation tests proved that only

young growing tissues were susceptible. Seed carriage of the disease

was demonstrated. This disease has been found to be most serious on

the varieties Early Buff, Progressive White, Columbia, Large Blackeye,

and on asparagus bean (Vigna sesquipedalis) . Infection may occur on

resistant varieties but the lesions heal and become mere scars.

The leaf spot caused by Ceircospora cruenta was serious in Septem-

ber on the Blackeye and Early Buff varieties and was present on the

Whippoorwill variety in our plots, but did not occur on the Iron, Groit,

New Era and Early Red varieties nor on catjang. Pod lesions were

11 Gardner, Max W. Cladosporium spot of cowpea. Phytopath. 15 :453-462. 1925.
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noted. The leaf spot caused by Amerosporium oeconomioum was found

on the New Era variety in Jackson Co. on August 27, as was also the

wilt disease caused by Fusarium vasirifectum tracheiphilum. The latter

trouble was rather prevalent in one field and was very destructive in

its effects. The leaves turned yellow and dropped off leaving the bare

stalks. The roots were greatly swollen and the vascular tissues were

brown. Many plants had been killed. Early in July, Gregory found

considerable crown and root rot caused by Rhizoctonia solani in Jack-

son Co. Many of the affected plants were killed. The wet cool weather

of this season was very favorable to Rhizoctonia attack on a number of

crops.

Cucumber:—Mosaic was apparently not as serious as usual in the

field crop. Gregory found mosaic and bacterial wilt serious in the fall

greenhouse crop. Anthracnose, caused by Colletotriehum lagenarium,

and powdery mildew were noted in a greenhouse. Angular leaf spot,

caused by Bacterium lachrymans, was found in a market garden seed

bed in June.

Currant:—Anthracnose, caused by Pseudopeziza ribis, was extremely

serious and caused premature defoliation in July and August. Two
leaf spot diseases, one caused by Mycosphaerella grossulariae, and the

other by Cercospora angulata, were noted near Lafayette.

Dewberry:—Anthracnose, caused by Plectodiscella veneta, and leaf

spot caused by Mycosphaerella rubi were noted near Lafayette in

August.

Eggplant:—The fruit and leaf spot caused by Phomopsis vexans was
serious locally.

Gooseberry:—Anthracnose, caused by Pseudopeziza ribis, and leaf

spot caused by Mycosphaerella grossulariae caused a serious premature
defoliation in Miami County and near Lafayette. The latter disease

was much more serious on this host than on currant.

Grape:—Black rot, caused by Guignardia bidivellii, was much worse
than usual and was the cause of numerous complaints. Control with a
6-6-50 Bordeaux was reported in Jackson County. Serious petiole in-

fection was observed. Downy mildew (Plasmopara viticola) was found
in Miami and Hancock counties.

Lettuce:—A Cercospora leaf spot was found at Lafayette. Gregory
reported drop, caused by Sclerotinia Ubertiana, in greenhouses and also

found soluble salt injury very common.

New Zealand Spinach:—Cercospora leaf spot was present in our ex-

perimental plots.

Oats:—The two smuts were present as usual. Leer found a light

infection of stem rust (Puccinia graminis) near a barberry in Decatur
County, and found leaf rust (Puccinia coronata) state-wide in its dis-

tribution. Mains found blotch caused by Helminthosporium avenae-
sativae serious in variety plots and noted varietal differences in sus-
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ceptibility. A. G. Johnson found halo blight, caused by Bact. cotrona-

faciens.

Onion:—Botrytis infection of the lower portions of the leaf sheaths

of the outer leaves caused a yellowing of the leaves on green onions

in market gardens in May. In car-lot shipments from Kosciusko, Whit-

ley, Noble, and Steuben counties, federal inspection reports show the

presence of smudge, caused by Colletotrichum circinans, Fusarium rot,

black mold (Aspergillus nig&r) , neck rot, and bacterial soft rot. The
Fusarium pink root disease occurred in Steuben County in August.

Pea:—The stem and root rot,
12 due to Fusarium martii var. pisi,

and the Aphanomyces root rot
13 have been reported from Indiana.

Peach:—Bacterial spot, caused by Bact. pruni, remains the most

serious disease in the southern Indiana orchards because of its defoliat-

ing effect. Fruit lesions in the form of large, black, gummy craters

were noted on Indiana Cling peaches from Vanderburgh County, and

Gregory noted severe defoliation in a Hale orchard in that county. Leaf

curl, caused by Exoascus deformans, was very prevalent on unsprayed

trees. In some instances noted the young twig growth was also invaded

by the fungus with the resultant production of whitish swollen ridges

or keels extending along the twig (fig. 7). The disease was found in a

young orchard in Knox County planted the previous year, a fact which

suggests that the fungus may have been brought in with the nursery

stock. It was reported that this disease caused complete defoliation of

an unsprayed orchard in Miami County. The canker stage of scab,

caused by Ciadosporium carpophilum, was widely prevalent in young
orchards and is apparently of nursery origin. Burkholder reports that

the Cling varieties are especially subject to fruit infection with scab.

Brown rot, caused by Sclerotinia cinerea, was reported serious in Posey

and Vanderburgh counties. Burkholder reports that the Carman variety

is especially subject to brown rot. Crown gall was serious in a young

planting in Gibson County. The very prevalent leaf-scar cankers on

peach twigs in commercial orchards are probably due to arsenical in-

jury from the so-called "lead and lime" sprays. 14

Pear:—Scab, caused by Venturia pyrina, was noted on the fruit.

Fire blight was serious locally.

Pepper:—Mosaic was observed in gardens causing a serious reduc-

tion in yield.

Plum:—Bacterial spot, caused by Bact. pruni, was sent in from

Lake County. Black knot, caused by Plowrighiia morbosa, was sent in

from Clinton and Warren counties, and Burkholder reported this dis-

12 Jones, Fred Reuel. Stem and root rot of peas in the United States caused by

species of Fusarium. Jour. Agr. Res. 26:459-475. 1
9

'2 3

.

13 Jones, Fred Reuel, and Drechsler, Charles. Root rot of peas in the United States

caused by Aphanomyces euteiches (n. sp.). Jour. Agr. Res. 30:293-325. 1925.
14 Haenseler, C. M., and Martin, Wm. H. Arsenical injury of the peach. Phytopath.

15:321-331. 1925. Also, Adams, J. F. The leaf-scar lesions on peach trees. Trans.

Penin. Hort. Soc. 38:22-24. 1925.
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Fig-

. 7—Invasion of the tissues of the peach twig by the leaf-curl fungu

ease serious in a commercial plum orchard in Knox County. He states

that the Damson variety is very susceptible, while American plums show
resistance. Brown rot, caused by Sclerotinia dnerea, was reported from
Fulton and Whitley counties.

Potato:—Leaf roll remains the main cause of low yield and degen-

eration of seed stocks of the Rural New Yorker variety of which the

late or main crop is composed and hence this disease is one of the prin-

cipal reasons for the use of northern-grown certified seed. Mosaic
seems to be more serious than leaf roll in the early crop (Early Ohios,
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Irish Cobblers and Bliss Triumphs) and necrotic symptoms charac-

teristic of the stipple-streak type are commonly present. This disease

is more severe than leaf roll in its effects and by reducing germination

and by killing plants prematurely or otherwise preventing tuber forma-

tion it tends somewhat to eliminate itself from seed stocks. A few cases

of black leg, caused by B. atrosepticus (B. phytophthorus) , were ob-

served in an early crop of Cobblers near Lafayette. Scab, caused by
Actinomyces scabies, and Rhizoctonia black scurf were prevalent on the

tubers. The Early Ohio variety was severely infected with scab at

Lafayette and proved much more susceptible than Rurals and Cob-

blers grown in adjacent rows.

Although it has proved profitable to spray potatoes with Bordeaux,

there is no evidence to indicate that late blight (Pliytophthora infestans)

ever occurs in Indiana, so that the chief benefit of the spraying is no

doubt in the prevention of leaf hopper injury or hopper-burn. Freezing

injury characterized by blackened necrosis of the vascular tissues of the

tubers and by circular, blackened, surface spots about 6 mm. in diam-

eter and each centered about a lenticel was observed in stored potatoes.

Pumpkin:—A bacterial leaf spot disease was noted in Jackson

County. The spots were small, angular, and blackened, with white cen-

ters, and when cut in water mounts, bacteria oozed out in abundance
from the cut edges of the lesions. A yellow organism was isolated.

Radish:—Black-root was very destructive in home gardens in Lafay-

ette. White rust (Cystopus ccundidus) was observed in the fall.

Raspberry:—Anthracnose, caused by Plectodiscella veneta, remains

the limiting factor in commercial plantings. The disease was found very

destructive in a commercial plantation in Miami County in July, the

lesions occurring up as far as four feet on the 1924 canes and also on

the pedicels and berries. There is abundant evidence that the disease

is introduced into new plantations with the transplants. In southern

Indiana it seems that the latter often become infected in the spring be-

fore they are transplanted. The presence of the fungus on the old

stub or remnant of the rooting tip has been frequently observed and it

is advisable to cut off this stub before planting. On August 1, careful

examination of a new plantation set out earlier in the season yielded the

following data: 57 out of 366 plants examined showed the old stubs

projecting above the ground. Only 32 plants were infected with

anthracnose and 25 of these, or 78 per cent, were among the plants

with the projecting stubs. Forty-four per cent of the 57 plants with

projecting stubs were infected. Clearly there was some correlation be-

tween the primary anthracnose infection and the projecting stubs.

Leaf curl is more destructive than anthracnose but is not nearly as

prevalent. Mosaic was noted on red raspberries and on the Honey Sweet

variety of black caps. Cane blight, caused by Coniothyrium fuckelii,

was noted in Miami County. Leaf spot, caused by Mycosphaerella rubi,

was worse than usual this year, and caused serious defoliation of red

varieties near Lafayette. It was worse on the red than on the black

varieties. H. F. Dietz reports crown gall very prevalent on red and
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purple-cap varieties, occasional on black-caps, and absent in black-

berries.

Rutabaga:—Mosaic was noted in our experimental garden near a

row of mosaic turnips.

Rye:—Mains reported leaf-rust (Puccinia dispersa) less prevalent

and ergot much more abundant than usual. Mains 1 "' found a number of

grasses infected with ergot in his experimental plots. He found powdery

mildew of rye and reported anthracnose (Colletotrichum cereale) more

serious than usual. A. G. Johnson found leaf spot, caused by Septoria

secalis, and bacterial blight, caused by Bad. iranslucens var. secalis,

at Lafayette.

Soybean:—Bacterial spot, caused by Bad. glycineum, was generally

prevalent. The Manchu variety now constitutes most of the commercial

crop in the state and seems to be less subject to mosaic than the Mid-

west variety. In our experimental plots and in greenhouse tests mosaic

was transmitted in seed five years old. Stem blight, caused by Dia-

porthe sojae, was found in Cass County in the Dunfield variety. Rhizoc-

tonia crown rot was rather serious early in the season, due probably to

the cool, wet weather, and was found in Marshall, Parke, and Jeffer-

son counties. The plants were killed by stem infection at the surface of

the soil. A purplish discoloration of the seed due to a fungus invasion

of the seed coat was rather common.

Strawberry:—Leaf spot, caused by Mycosphaerella fragariae, was
generally prevalent and cases of its introduction with transplants were
observed. Leaf scorch, caused by Diplocarpon (Mollisia) earliana, was
found severe on the Gibson variety in Montgomery County, June 11,

while the Dunlap and Burrill varieties in the same field were not in-

fected. Anderson 1 '1 has also reported that these two varieties are re-

sistant. One case of what appears to be a mosaic disease was found
in a plot planted with plants of the Everbearing variety from a Michigan
grower. The plant was yellowish and stunted. Rhizopus and Botrytis

rots were reported in car-lot shipments from Floyd County. A crown
rot of unknown origin was reported from several localities.

Tobacco:—Gregory found wildfire, caused by Bad. tabacum, black-

fire caused by Bad. angulation, and frogeye, caused by Gercospora nico-

tianae, in Spencer, Scott, and Jefferson counties, and root rot, caused
by Thielavia basicola, in Spencer County. He found mosaic very preva-
lent and present in almost all fields.

Tomato:—The outstanding disease of this season, especially in cen-

tral Indiana, was leaf spot, caused by Septoria lycopersid. The fre-

quent rains favored the spread of this fungus and rendered it a truly
limiting factor because of the foliage destruction and consequent re-

13 Mains, E. B. Observations concerning the disease susceptibility of cereals and
wild grasses. Proc. Ind. Acad. Sci. 1924 :289-295. 1925.

16 Anderson, H. W. Notes on new diseases of economic crops in Illinois. 1919-1921.
Trans. 111. Acad. Sci. 15 (1922) :130-140. 1922.
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duction in yield. The loss was aggravated because the abnormally cool

season retarded the crop so that the leaves were destroyed before the

fruit had developed far enough. However, in southern Indiana, where
leaf spot is usually worse, its effects did not materially reduce the yields,

probably because the higher temperature favored the crop. The occur-

rence of the disease in transplant fields in Arkansas and Texas was
cbserved in May and since certain of these fields had not been used for

tomatoes before, one is inclined to suspect that the fungus may occa-

sionally be seed borne. Spores might readily gain access to the seed,

since sporulating lesions have frequently been observed on the calyx,

which may often remain attached to fruits being crushed for seed ex-

traction. Furthermore, a case of actual though limited invasion of the

fruit tissue at the margin of the receptacle scar by mycelial growth
from a calyx lesion was observed in the greenhouse. However, extensive

tests in the greenhouse have failed to demonstrate that this fungus

is seed borne.

There was an unprecedented outbreak of early blight, caused by
Alternaria solani, in transplant fields and plant beds, resulting in the

death of many plants. This trouble was extremely serious in central

Indiana and also was found very prevalent in plant fields in Arkansas
and Texas in May. The source of infection was not determined but

there were indications of seed carriage. On a 50-aere farm at Nash-
ville, Ark., on soil never in tomatoes before, early blight was serious

only in certain blocks planted with untreated seed. The large, black-

ened, target-board leaf lesions with yellowish borders were very con-

spicuous but the worst injury is caused by the blackened stem cankers.

When plants thus affected are set out in the field they are very likely

to blow over and break off during high winds because the top becomes

too heavy for the brittle, weakened, infected region of the stem. This

condition has been called foot rot or collar rot. One grower reported

a 50 per cent loss in his field due to this trouble. This fungus also

causes an occasional green fruit to develop a brown stem-end rot,

apparently as a result of calyx infection,

Owing probably to the cool moist season, Fusarium wilt was not at

all severe except in the southern end of the state. Likewise, mosaic

seemed to be much less destructive than usual, presumably because of

the low temperatures. That mosaic is not seed-borne was proved by

the fact that no mosaic developed among the 1,466 plants grown under

insect-prcof cages in the field from seed saved from badly diseased

(streak or winter blight) greenhouse plants of the preceding fall. The
perennial persistence of the mosaic disease in its weed carriers is proved

by its recurrence again this year in the PhysaKs subglabrata shoots

from the mosaic rootstocks planted in our garden in 1920. This is the

fourth year that these have sent up mosaic shoots.

A severe outbreak of the streak or winter blight type of mosaic

was observed in greenhouses at Frankfort, on June 16, characterized

by the typical mosaic leaf mottling accompanied by the necrotic spot-

ting of the leaves, streaking of the stems, and mottling and malforma-
tion of the fruits. Of the three varieties present, Bonny Best and

Grand Rapids were much more severely injured than Livingston's
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Globe. One of the interesting features was that certain of the mosaic

fruits showed projecting knobs of uninjured tissue intervening between

necrotic surface depressions, a condition somewhat suggestive of the

projecting green warts on mosaic cucumbers. Severe rupture of the

pericarp was noted and in one instance an entire locule was thus ex-

posed. Internal necrotic regions were abundant. In many cases the

necrotic areas of the pericarp had dried down to a parchment-like

membrane covering the pulp and many of these areas were invaded by

saprophytic fungi. Total atrophy of whole locules has been noted

causing extreme lop-sidedness in certain fruits.

Bacterial spot, caused by Bact. vesicatorium, was much worse than

usual in the canning crop, a fact which is attributed to the wet weather
and the omission of seed disinfection. Leaf mold, caused by Clado-

sporium fulvum, was serious only in greenhouses, and bacterial wilt,

caused by Bact. solanacearum, was noted in a greenhouse. One case of

buckeye rot, caused by PhytophtJiora terrestris, was observed in an ex-

perimental garden in which the disease had been prevalent in previous

years. In this garden, however, soil rot, caused by Rhizoctonia solani,

was extremely destructive. The fruits were infected while they were yet

green and just beginning to ripen, always at the point in contact with the

soil. The lesions showed brown concentric zones and at the center radial

cracks a'most always appeared (fig. 8). On the surface of such fruits

Rhizoctonia soil rot of tomato.

the fungus produced its typical sclerotia and also on areas beyond the

confines of the lesion produced its frosty white hymenial layer. This

rot occurs occasionally in the canning crop and is responsible for one of

the tough, brown, core rots familiar to canners.

Watermelon:—In Jackson County considerable foliage infection of

Macrosporium ciicamerinum was observed on August 27, as well as
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scattered leaf infection of Cercospora citrullina. Foliage lesions of

anthracnose {Colletotrichum lagena/rium) were also observed. Anthrac-

nose was favored by the wet season and was rather serious. Wilt,

caused by Fusariwm niveum, prevents successful watermelon culture on

the restricted areas of suitable soil on the sandy ridges along the rivers.

Wheat:—Leaf rust {Puccinia triticina) was less prevalent than

usual. Leer found one bad infection of stem rust {P. graminis) within

a quarter of a mile of a barberry bush in Decatur County. Loose smut
(Ustilago tritici) was reported worse than usual, especially in northern

Indiana, and likewise bunt {TUletia foetans) , scab, caused by Gibberella

saubinetii, and anthracnose, caused by Colletotrichum cewale, were re-

ported worse than usual. A. G. Johnson found leaf spot caused by
Septoria tritici at Lafayette. Powdery mildew was also noted.

Trees and Ornamentals:—The non-parasitic yellows or mosaic of

asters was exceedingly prevalent and destructive throughout the state.

The symptoms closely resemble a similar trouble on the very common
related weed, fleabane (Erigeron sp.), and a strong suspicion is enter-

tained that the disease may be intercommunicable between aster and
fleabane. This disease ruined many aster plantings. The brown patch

disease, caused by Rhizoctonia solani, occurred in bent grass golf greens

near Indianapolis. Mains has found that carnation rust {Uromyces
caryophyllinus) is most serious on the varieties Enchantress, Natalie,

and Edna. Fire blight occurred on flowering crab. Powdery mildew
and also what appeared to be a mosaic disease occurred on delphinium.

A Cercospora leaf spot of Boston fern was found in a Terre Haute
greenhouse. Dietz found the leaf and bulb spot of gladiolus caused by

Bacterium, marginatum very prevalent. He also found a seed-bed in-

festation of hollyhock anthracnose {Colletotrichum malvarum,) in Indi-

anapolis. Hollyhock leaf spot caused by Cercospora althaeina and rust

{Puccinia malvacearum) occurred at Lafayette. A Sclerotium crown

rot was the most serious iris disease; the leaf spot caused by Didymel-

lina iridis was very prevalent and the rust {Puccinia iridis) was noted.

Dietz found twig and leaf infection of mulberry bacterial blight, caused

by Pact. mori. Anthracnose (Gnomonia veneta) was especially prevalent

and destructive on the white oak foliage in June.

Peronospora artlmri and Puccinia peckii were found on Oenothera

biennis. The Phytophthora leaf blight of peony occurred at Lafayette,

as well as the leaf blotch caused by Cladosporium paeoniae. Quince

leaf spot, caused by Fabraea maculata, was observed near Lafayette.

Black spot of roses caused by Diplocarpon rosae, powdery mildew, and

crown canker were observed. Mains found snapdragon rust {Puccinia

antirrhini) serious in the greenhouse. A non-parasitic yellows disease

of strawflower, similar to that of asters and probably due to the same

cause," was noted in gardens. There was an extremely severe state-

wide epiphytotic of sycamore anthracnose, caused by Gnomonia veneta.

Both twigs and leaves were attacked at the time the buds were opening

17 Kunkel, L. O. Insect transmission and host range of aster yellows. Abs.

Science 62:524. 1925.
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and the result was that many trees remained more or less bare all

season. The acervuli of the fungus were found on the twig- and bud

lesions. Serious defoliation of walnut trees by Gnomonia leptostyla

(Marssonia juglandis) was observed in July in Orange County.

Summary.

The diseases of outstanding importance this season were as follows:

apple scab, blotch, black rot, and rust; Macrosporium leaf blight of canta-

loupe; celery late blight (Septoria) ; cherry leaf spot; corn root rot;

currant anthracnose; gooseberry leaf spot and anthracnose; grape black

rot; peach bacterial spot; potato leaf roll and mosaic; radish black root;

raspberry anthracnose; strawberry leaf spot; tomato leaf spot (Sep-

toria) and early blight (Alternaria) ; aster yellows (non-parasitic)
;

sycamore anthracnose.

The diseases or parasitic organisms apparently not previously re-

ported for the state include Bact. phaseoli on hyacinth bean, Bact.

vignae on aspargus bean, Sclerotinia vaccinii-corymbosum on blueberry,

Peronospora parasitica on cabbage, rosette of curled endive, Bact.

trifoliomm on red clover, Cladosporiiim vignae on cowpeas, cowpea
wilt due to Fusarium vasinfectiun tracheiphilum and crown rot due to

Rhizoctonia solani, Plectodiscella veneta on dewberry, Cercospora leaf

spot of lettuce, bacterial leaf spot of pumpkin, rutabaga mosaic, Bact.

translucens var. secalis and Septoria secaUs on rye, Rhizoctonia crown
rot of soybean, strawberry mosaic, Cercospora leaf spot of Boston fern,

Phytophthora leaf blight of peony, strawflower yellows, Colletotrichum

malvarwm on hollyhock, brown patch disease of bent grass golf greens

caused by Rhizoctonia solani.

17—35508
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AGGLUTININ PRODUCTION, FREQUENCY OF INJEC-

TIONS VARIED, DOSAGE AND TOTAL AMOUNT
INJECTED CONSTANT.

Charles A. Behrens, Purdue University.

In the identification of rather closely allied pathogenic microorgan-

isms, such as the bacteria of the Colon-Typhoid group, reliance is placed

chiefly upon the agglutination test because different strains of the

same organism give inconsistent results upon the various media.

The agglutination phenomenon is the clumping together of bacteria

in suspension by a specific immune serum. The substances which bring

this phenomenon about are called agglutinins. They are produced in

animals by the injection of antigens, or to be more specific, agglu-

tinogens. The ordinary method of producing agglutinins is to inject

animals with relatively large amounts of the agglutinogen one to three

times a week until five to ten or more inoculations have been made.

Of the many phases that present themselves in a problem such as

this, it was decided to note the development of the agglutinin in the

serum of rabbits when injected with comparatively small amounts of

the agglutinogen at varying intervals, while the total amount inoculated

remained the same.

(Experiments are now under way in which the converse is being

taken up; that is the frequency of the injections are constant while

the dosage and the total amounts inoculated vary.)

It will be noted that this is quite the opposite of that which is

ordinarily done; that is, large doses which are injected at definite in-

tervals and consequently the total amount is also great.

The antigen used in these experiments contained one billion typhoid

bacilli which were killed by heating to 58° C for one hour. All injec-

tions were made intravenously. The amount inoculated was one cubic

centimeter at intervals varying from once every hour; once a day; to

once a week while the total amount introduced into the animal was
ten cubic centimeters in all cases.

A pair of rabbits (I and II, see table I) received 1 cc of the

antigen every hour for ten hours. Another pair (III and IV) were
injected with the same amount (1 c. cm.) for a period of ten days while

a third set of rabbits (V and VI) were inoculated once a week for

ten weeks. Ten days after the last injection, these rabbits were bled and
the titre of their sera was determined, as shown in table I.

"Proc. Ind. Acad. Sci.. vol. 34, 1925 (1926)."
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TABLE I—The Agglutinin Production and Weights of Rabbits Inocculated*

at Different Intervals, Dosage f and Total Amounts^ Injected Being Constant.

Number of

Rabbit
Interval of

Injection
Length of

Injection
Titre Average

Titre

Weights in Grams Condition
of

RabbitsBefore
Injection

After
Injection

I. Hourly 10 Hours 750
535

2750 2600 Good

II. Hourly 10 Hours 320 2826 2450 Poor

III. Daily 10 Days 2500
3250

2810 2795 Good

IV. Daily 10 Days 4000 2925 3000 Excellent

V. Weekly 10 Weeks 1800
2000

2676 2880 Excellent

VI. Weekly 10 Weeks 2200 2729 2892 Good

* Intravenous injections.

f Dosage 1 cc.

t Total amount 10 cc.

It will be noted from the results given in the table that rabbits I and
II which were inoculated every hour developed in their sera agglutinins

with titres of 1:750 and 1:320 respectively, an average titre of 535.

Rabbits V and VI receiving weekly injections produced sera with

titres of 1800 and 2200, an average of 2000. While the animals III

and IV receiving daily inoculations gave the highest titred sera; 1:2500

and 1:4000 respectively or an average of 1:3250.

These results indicate then that a serum of comparatively high titre

can be built up in rabbits that are stimulated over a rather short period

of time, though not too frequently, with fairly small doses. It will be

recalled that this is quite the opposite from the usual method of pro-

cedure where the amount injected at any one time as well as the total

amount is large.

It will be further observed that when the animals are in good

physical condition and suffering apparently only slightly as a result

of the introduction of the foreign protein as judged mainly by their

weights and appearances, sera showing a high titre of antibody may be

expected.

This is especially brought to light in the case of rabbit IV with a

titre of 1:4000 where the animal was in excellent condition and showed
a gain in weight after receiving the injections as compared to rabbit

II with only a titre of 1:320 and accompanied by a marked loss in

weight. This too is in line with other results obtained over a long

period of time, which quite conclusively show the relationship between

physical strain and development of antibody.



Treatment with Heterophils Antigen 261

ON THE NON APPEARANCE OF THE NEGATIVE PHASE
IN TREATMENT WITH HETEROPHILE ANTIGEN

BY MOUTH.

H. M. Powell, Indiana State Normal School, Terre Haute.

In 1893 Brieger and Ehrlich 1 showed the sequence of events on

injecting a previously immunized animal with a bacterial protein. In

experiments upon goats injected with tetanus toxin they notice marked
drops in antitoxic titres following successive injections and plotted curves

showing these depressions. In later studies of A. E. Wright upon the

opsonin content in human blood these changes in potency were referred

to as phases, an increase being called a positive phase while a decrease

was designated as a negative phase. It is largely through the careful

work of Wright that the attention of immunologists has been called to

these fluctuations in antibody in the course of artificial immunization.

Since the time of these pioneer studies, it has become common knowl-

edge that more or less of a "negative phase" may be noted on injecting

a previously immunized animal, and almost everyone engaged in meas-

uring the potency of serums from experimental animals, and human
serums in opsonin titrations has encountered this sudden drop in titre

after injection, later to be probably followed by an increase in antibody

or a "positive phase". Particularly in the case of man this negative

phase or depression of immunity has been a cause for apprehension

on the part of those carrying on artificial immunization. As justifica-

tion of this idea or not no attempt will be made here to try to state

what relation may exist between potency of demonstrable antibody in

general and resistance of the host. The object of this paper is to

report the results of some experiments in treating rabbits by mouth with

heterophile antigen as compared to the usual parenteral treatment

with special reference to the negative phase. Brief reference has been

made in a former article
2

to publications dealing with the principal

properties of heterophile antigen and antibody.

Experimental. In hemolytic tests used here a unit of red blood

corpuscles consisted of 0.1 cc. of a 1 in 4 dilution (in terms of whole

blood concentration) of washed corpuscles. The dose of complement
was 0.1 cc. of a 1 in 5 dilution of fresh guinea pig serum. Hemolytic

tests were carried out at 37° C. for one hour, and readings were in

terms of complete hemolysis.

In the following experiments six rabbits were used, five previously

immunized with heterophile antigen from different sources being tested

for the development of a negative phase following a treatment with

heterophile antigen in the shape of boiled sheep cells by mouth,

1 Brieger and Ehrlich. Beitrage zur Kenntniss der Milch immunisirter Thiere.

Zeit. f. Hyg., vol. 13, 1893, pp. 336-346.

- Powell, H. M. Immunization with heterophile antigen when given hy mouth.

Araer. Jour. Hyg., vol. 5, 1925, pp. 228-229.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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while one control rabbit having a high natural anti-sheep titre was
tested by an intraperitoneal injection of boiled sheep cells before im-

munization and then again after immunization. Of the five test rabbits

used, one was immunized with boiled sheep corpuscles by mouth, three

with the intravenous injection of bacteria containing heterophile antigen

(rabbit septicemia culture RD3) and one with the intraperitoneal injec-

tion of horse kidney.

(1) A rabbit of 3,000 grams weight with a natural anti-sheep

hemolysin titre of 100 was given 5 cc. of boiled sheep red corpuscles

intraperitoneally. One hour later the titre was unchanged; two hours

later is was 75, five hours later is was 60 and 24 hours later it had
dropped to 50. This decrease in titre or negative following injection

therefore is observed in connection with a primary injection into animals

having a sufficiently high natural antibody titre.

The same rabbit on receiving three more similar injections at three

or four day intervals showed an anti-sheep hemolysin titre of 4,000

three days after the last injection. The titre at this time was either

stationary or at least not changing rapidly as indicated by a titre

measurement of 4,000 made three hours after the first. The rabbit now
received 5 cc. of boiled sheep corpuscles intraperitoneally. Two hours

later the titre was 3,500, four hours later 2,500, 24 hours later 3,000,

and three days later the titre was 5,000.

The above titrations illustrate what may be expected, namely a

drop in titre or a negative phase, on giving heterophile antigen parenter-

ally and testing the potency of the serum at intervals during a period

of time following, and is characteristic of the course of injections of

many common antigens.

(2) A second rabbit weighing 2,500 grams having a natural anti-

sheep hemolysin titre < 2 received three 5 cc. doses of boiled sheep

corpuscles by mouth at intervals of one or two days. Two days after

the last treatment the anti-sheep hemolysin titer was 500. A 5 cc. dose

of boiled sheep corpuscles was then given by mouth. One hour and 12

hours later the titre had not changed, 19 hours later the titre was 600,

and three days later it was 500. Another similar dose was given by

mouth. Two hours later the titre was unchanged, and 12 and 18 hours

later was also unchanged. The maximum titre seemed in this case

to be about 500. The titrations indicate that treatment with hetero-

phile antigen by mouth elicits no negative phase.

(3) (4) Two rabbits each of 2,800 grams weight and each having

a natural anti-sheep hemolytic titre < 5 received three intravenous

injections of heat killed (60° C. V2 hour) rabbit septicemia RD3 culture

(this culture contains heterophile antigen). Four days after the last

injection the anti-sheep hemolysin titre of one was 10,000 while that of

the other was 12,000.

After three more days the titres were 5,000 and 8,000 respectively.

At this time each rabbit received 5 cc. of boiled sheep corpuscles by

mouth. After 3, 6, 12, and 21 hours these titers had neither decreased

or increased. After 48 hours the titers were 6,000 and 10,000 respec-

tively, and after 72 hours they were the same.
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(5) A rabbit of 2,200 grams weight having a natural anti-sheep

hemolysin titre < 2 was given four intravenous injections of heat-killed

rabbit septicemia RD3 culture (containing heterophile antigen) at three

day intervals. Four days after the last injection the antisheep hemoly-

sin titer was 10,000. Two months and two days after the last injection

this rabbit was used in a test for a negative phase. At this time the

hemolytic titer was 2,000. 5 cc. boiled sheep red corpuscles were given

by mouth. At 1, 3, 6, 12, 24, and 30 hours after treatment specimens

of serum tested just 2,000. No drop in titer took place. Forty eight

hours after treatment the titer was 2,500, and after two more days the

titer was 2,000 again.

Two weeks after testing for a negative phase the titer had dropped

to 1,000. On the day following, the titer also was 1,000 at which time

5 cc. boiled sheep red corpuscles were given by mouth to test again for

the development of a negative phase. After 2, 6 and 12 hours the titer

remained 1,000. After 24 hours it was 1,300, and after 72 hours it

still remained 1,300. These two treatments with heterophile antigen by
mouth produced no negative phase.

(6) A rabbit of 3,000 grams weight having a natural antisheep

hemolysin titre < 2 was given two intraperitoneal injections of one

gram of finely ground horse kidney, the second dose being two days after

the first. Eight days after the second injection the antisheep hemolysin

titer was 16,000. After an interval of four months the titer had dropped

to 2,000 at which point it was very nearly stationary as shown by a

second titration of 2,000 made seven days after the first. At this time
the animal was used for a negative phase test, and 5 cc. of boiled sheep
red corpuscles were given by mouth. After 1, 3, 6, 12 and 24 hours the

titer had not changed. At 30 hours after treatment the titer had in-

creased slightly and after 48 hours the titer was 2,500. Treatment of

mouth with heterophile antigen produced no negative phase in this

rabbit's hemolytic antibody just as such treatment had not done before.

Two weeks after boiled sheep corpuscles were given by mouth the

rabbit's serum had a titer of 1,000. On the day following, another
test showed a titer of just 1,000. A second treatment of 5 cc. boiled

sheep corpuscles by mouth was given and the serum drawn and tested

at intervals thereafter. After 2, 6 and 12 hours the titre remained
1,000, After 24 hours and 72 hours the titer was just 1,300. No depres-

sion or negative phase in hemolytic antibody resulted.

Conclusion. In the treatment of rabbits with heterophile antigen
by mouth negative phases of any significance do not occur.
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OBSERVATIONS ON DAMAGE TO DRILLS BY COPPER
CARBONATE TREATED WHEAT.

C. T. Gregory and I. D. Mayer, Pudure University Agricultural

Experiment Station.

Extensive experiments with copper carbonate treatment have never

revealed any injury to wheat seed in impairing- germination or other-

wise reducing the yield. Our experience in Indiana further verifies

this fact, but nevertheless a rather peculiar and dangerous difficulty has

been experienced during the past two years, the breaking of drills

while using copper carbonate treated wheat.

As has been previously reported 1
in 1924, seven farmers in Howard

and Bartholomew counties reported the breaking of drills while sowing-

wheat treated with copper carbonate. In 1925 similar difficulties were

reported from five counties and a close observation was made of two

cases in Tippecanoe County.

During the early part of October, 1925, Paul Ford, a farmer in

Tippecanoe County, broke the small bevel gear driving the force-feed

shaft. According to his own statement he made two rounds on a 20-acre

field on Saturday afternoon. He left the drill in the field but covered

it with a tarpaulin till Monday morning before resuming the plant-

ing. He had not driven 30 feet when the gear broke and later he found

that it was impossible to turn the gears without first working the

drive wheel back and forth. By careful manipulation he finally loosened

the feed discs so that they could be moved. The treated wheat was
all removed, the broken gear replaced and the wheel turned till all the

free copper carbonate was removed from the machine. After running the

treated seed through a fanning mill to remove all the excess copper

carbonate no further difficulty was experienced.

Ford found that the excess copper carbonate from the wheat had

packed tightly around the force feed discs. But it is also noteworthy

that during the time that the drill remained in the field there was con-

siderable rain. This fact appears to be important since our experi-

ments indicate that this trouble is associated with moisture. It is

evident too that an excessive amount of copper carbonate is liable to

be detrimental since the excess cannot be retained on the surface of the

seed and will lodge in the seed cups of the drill. However, Ford only

used about two and one-half ounces of copper carbonate per bushel.

D. A. Baker, another Tippecanoe County farmer, succeeded in

planting 20 acres of treated wheat, but discovered when he put the

drill away that the shaft driving the force feed wheels had been twisted.

(Fig. 1). The machine used is an old-fashioned type in which the

power is transmitted to the feed wheel shaft at one end rather than

in the center. The torsion of the shaft began at the center of the drill

and grew gradually greater till at the point where the power was ap-

plied it was twisted two and a half times.

1 Gregory, C. T. Loose and stinking- smuts in Indiana. Proc. Indiana Acad. Sci-

ence 34:285-288. 1925.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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This injury has always been associated with but one type of drill.

The so-called "internal or double run grain feed" is the only type in

which injury has been observed in Indiana. The comparatively broad

surface of the feed wheel and its close adjustment to the feed cup is

apparently the explanation of the excessive friction which develops from
the copper carbonate. One of the indications that this injury is from
friction is that the "fluted feed" drills are not, so far as is known,
ever broken while drilling the treated seed. The surface exposed where
friction may develop is much less in this type of feed mechanism.

Various experiments have been conducted to determine the nature

of this injury. The first test made was one adapted from concrete ex-

periments and is known as the "slump test". It would appear that if

the coating of copper carbonate on the wheat seed created a friction

that this fact would exhibit itself in a measurable way in the slump

test. Accordingly a tin frustrum of a cone was made having these

dimensions, 13 inches high, 4 inches across the top opening and 8 inches

across the bottom. The wheat to be tested was poured slowly into the

cone and tamped down with a quarter inch iron rod. The first evidence

of a difference occurred during this tamping. In the untreated wheat

the rod could rather easily be thrust to the bottom of the cone each

time, even when it was completely filled with wheat. Under the same
conditions with the copper carbonate treated seed it was difficult to force

the rod more than a few inches into the wheat after the first few tamp-

ings. The cone was carefully filled to the top and leveled off with a

straight-edge. After this the cone was lifted by hand but always by

the same person and as nearly with the same speed as possible since it

was found that when the cone is lifted quickly the results are some-

what different. In every case Michikoff wheat was used though it was
found that a different variety of wheat makes little difference in

the results.

To reduce the error as much as possible five different trials were

made and the results are the average of these five trials.

Treatment Height of Pile Spread
'Diameter
of pile)

Increase in

height over un-
treated wheat
(percentage)

Check untreated wheat
Commercial copper carbonate
M. Ewing Fox copper carbonate
Corona copper carbonate
Copper stearate
Commercial copper carbonate and talc

2.9375 inches
4.05 inches
3.9875 inches
3.625 inches
3.425 inches
3.6875 inches

22.4 inches
18.5 inches
19.9 inches
20 . 25 inches
21.55 inches
21.3 inches

37.8
35.8
23.4
16.6
25.5

These data would indicate that under dry conditions the presence

of copper carbonate on the surface of the wheat increases the friction

from 23.4 to 37.8 per cent. Copper stearate on the other hand is

apparently more oily and only increases the friction a little more than

16 per cent. The addition of talc to the commercial copper carbonate

reduced the friction about 12 per cent.

Further laboratory tests were made to measure the power needed

to sow treated and untreated wheat but with electrical apparatus no
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constant differences could be measured. When the treated seed was left

standing in the drill for 24 hours or longer we could prove no evident

increase in the power needed. These experiments indicate that while

the wheat is dry the application of copper carbonate does not increase

the friction sufficiently to cause injury to the drill.

Further experiments conducted this fall by three Purdue Univer-

sity seniors, have shown quite conclusively that moisture is the essential

factor in causing injury to drills. When wheat was treated with copper

carbonate and sowed immediately there were no signs of a dangerous

increase in power needed to turn the drill but when this same wheat

was left standing in the drill over night, after having been run through

the drill the previous day, it was very difficult to loosen the feed

wheels.

All the experimental evidence and the observations of farmers who
experienced this trouble, indicate that the breaking of drills is associated

with moisture. It is probable that treated wheat will cause no injury

if sown immediately after being put in the drill, even though the weather

is wet.

If the treated wheat is left over night or longer in the drill during

wet weather it will be necessary to tap the feed wheels to loosen any

cementing action which may have occurred. Furthermore the drill

should be worked back and forth till the feed gears work freely, else

the sudden excessive power needed may break some part.

Fig. 1—A drill that almost broke while sowing copper carbonate treated wheat.

The twisting- of the feed wheel shaft is the result of the friction in the feed wheel.
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STUDIES IN BEHAVIORISM.

C. W. Hargitt, Syracuse University.

Studies of the author in animal behavior date back to boyhood

days of the farm, when living- things afforded no end of delight, and

inspired interest and even affection, which in turn led to multiple appeals

to parents and others of why, how, what for, and the like, to their

annoyance and even perplexity. Later when nature books, like that of

Gilbert White, served to show how to discover at first hand answers

to many similar queries, the fields and woods, brooks and ponds became

volumes of prolific wealth of interest and knowledge. Stray bottles

filled with rain-water into which horse hairs were to become snakes,

decorated window sills of his bed-chamber, and literally solved that

problem—negatively—forever. Various objects of curiosity were in-

vestigated, such as frog spawn, eggs of snakes and tortoise which his

plow share had turned up. And from the pugnacious snakelet just

emerging from its shell which struck viciously he learned of instinct

and heredity, the latter however meaning but little just then but not

forgotten in later years.

In college, Dana's geology, Gray's botany and Agassiz and Gould's

zoology led still further afield, keeping alive, despite Greek and Latin

and Philosophy, the love of nature and life. Later he was made aware
of Agassiz and Penikese, but the untimely death of the great naturalist

ended the work of that earliest marine laboratory for many years. But
in 1887 he found his way to a similar laboratory at Martha's Vineyard,
and visited the Fish Commission Station and the Marine Biological

Laboratory at Woods Hole, all of which opened new vistas of life

hitherto wholly unknown. Here he learned at first hand the life history

of that rare and erratic frog, Scaphiopus holbrookii (American Natu-
ralist, June 1888) ; and began what became a life-work, the life histories

of Hydrozoa.

Such in brief may be said to comprise in outline, including member-
ship in the Indiana Academy of Science, the first chapter of my work
as a naturalist, which was fundamentally studies in behaviorism in

nature; that is, in the haunts and homes of the actors!

A second chapter in behavorism began at the Marine Biological

Laboratory, an inspiring factor of which was its first Director, Prof.

C. O. Whitman, whose personal friendship and helpfulness is an abiding
heritage of example and stimulus, and an insight into the methods of

a master workman in this great field.

Here also I came into intimate contact with another of the great
students and teachers of behaviorism, Dr. Jacques Loeb, to whom it

is a pleasure to acknowledge obligations. It was he who introduced
me to new methods of study in behaviorism; namely, so controlling

organisms to be studied under rigid artificial conditions as to enable
one to critically analyze every factor involved therein and properly
evaluate its part. His classic experiments with Euproctis chrysorrhoea,

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."



270 Proceedings of Indiana Academy of Science

the caterpillar of the brown-tail moth, I saw and was captivated by
their significance and apparent simplicity of control.

Under these stimuli and associations several lines of experimental
work were begun and continued for many years, the results of which
need not be rehearsed here, literature of the time being easily acces-

sible to those concerned. As some of these papers will show, I found
certain of my results differing more or less sharply from Loeb's

axiomatic principles, that is, the tropism formulae. An example will

make this more specific. According to Loeb :

—

"The larvae of Euproctis chrysorrhoea creep out of the eggs in

autumn, and winter in colonies in a nest on trees or shrubs. The warm
spring sun drives them out of the nest and they crawl up on the branches
of the tree or shrub to the tip where they find their first food. After
having eaten the tips they crawl about until they find new buds or

leaves which, in the meantime have come out in great numbers. It is

evident this instinct of the caterpillars to crawl upwards as soon as

they awake from the winter sleep saves their lives. Were they not

guided by such an instinct those that crawl downward would die of

starvation. I have found that young caterpillars are oriented by the

light. Until they have taken food they are positively heliotropic. This

positive heliotropism leads them to the tops of the branches where they

find their food. The direction of their movements is determined by the

light. * * * Hence the animals are forced as a result of their

positive heliotropism to crawl upward until they reach the tip of a

branch. They are held there by the light. The chemical stimuli which

are transmitted to the animal by the young buds produce the eating

movements. In this instinct, which is necessary for the preservation of

life, we have another instance of simple, positive heliotropism, and the

central nervous system plays only the role of a protoplasmic connection

between the skin and the connective tissue, which in plants is performed

just as successfully by undifferentiated protoplasm * * * Why does

not the light hold them on the highest point permanently? My ex-

periments showed that these caterpillars are only positively heliotropic

as long as they remain unfed; after having eaten, they lose their posi-

tive heliotropism." (Comp. Physiol, of the Brain, p. 188.)

Interesting as were these experiments, and suggestive as are the

interpretations, the writer was not satisfied as to their conclusiveness.

Subsequent observation and investigation showed that these larvae do

not come to their first feeding in the early spring, for they were

hatched in July of the previous summer, and hence lived and fed for

several weeks before entering the hibernating stage. In emerging

from the hibernating nest which was made during the previous summer
they have no need of external stimulus in matter of food, for these

nests are always on the tips of branches just where the first leaves

appear, and any external tropic urge would of necessity take them
away from, rather than to this food. Dr. E. P. Felt states that "The
winter is passed by partly grown caterpillars in the peculiar webs
on the terminal twigs. They begin work in the spring, feeding downward
from the tips of the branches, leaving the naked twigs and the gray apex



Studies in Behaviorism 271

at the extremities conspicuous evidence of their presence," (Bulletin

New York State Museum, No. 103, 1906, p. 17).

It should not be overlooked that another important fact must be

considered; namely, that the eggs of this insect are laid on the under

side of leaves in this summer season, from which larvae hatch in imme-

diate contact with the leaves upon which they are to feed, a con-

dition which obviously calls for no special tropic impulse of any sort.

Again it must be borne in mind that in the recurring vicissitudes of

temperature of early spring there will of necessity be similar re-

currences of hibernation and awakening and renewed feeding. But the

citation shows that there is no recurring tropic stimulus even though

the hunger may be no less urgent than at first.

Loeb's abounding enthusiasm at times led him into serious error

of fact, as in the above cases cited. Again, he seems also to confuse

definitions, for example, instinct and tropism. "It is evident that the

instinct of the caterpillars to crawl upward as soon as they awake from

the winter sleep saves their lives. Were they not guided by such an

instinct, those that crawl downward would die of starvation." But he

has above declared that heliotropism is the all powerful stimulus which

prevents this disaster! Either this is a confusion of terms, and hence

of meaning, or we shall be compelled to hold that instinct and tropism

are but different terms for one and the same thing. But this again

would compel a usage entirely different from that usually understood.

For several seasons the writer had especially fortunate opportunity

for critical study of two species of caterpillars whose habits were similar

to those above described, namely, Malacosoma americana, the common
tent-caterpillar; and Malacosoma disstria, the forest tent-caterpillar.

But unlike the former foreign species, these native species deposit the

eggs late in the summer or fall and they do not hatch until the following

spring. In these the young larvae do not begin at once to feed upon
young buds or leaves, but devour the remains of the hardened muci-

laginous egg-case within which the embryos have passed the winter.

Soon after escape from the egg-capsule the larvae of the common tent-

caterpillar weave a delicate silk-web, usually in the crotch of a branch,

which serves as a protection, and is enlarged as the inmates grow in size

and age. The other species spins no definite web, but spins threads along

the branch which they frequent, or on which the eggs were originally

laid. Both species may be found together in orchards or in the forest,

though seldom found on the same tree or shrub. They differ also, in a
further point, namely, that the common tent-caterpillar feeds exclusively

during the day, while the forest tent-caterpillar is a night feeder, congre-
gating in masses during the day on the rough bark of the limb or trunk,
and at evening faring forth to feed, the operation being distinguishable
by the cutting processes of feeding. The striking differences of habit
as given show that, though the larvae are very similar in size and
markings, they differ diametrically in their habits; one diurnal, the
other nocturnal. Is this to be designated as positive and negative
phototropism? If so, is it in any sense related to the feeding instinct,

or to that of safety from enemies which might prey on them? So far
as discernible the answer would be negative in each instance. So also
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as to the feeding instinct. There is at no time evidence of the directive

action of any external factor whatever. Individuals are found travel-

ing at the same time in opposite directions on the same branch or leaf.

I have repeatedly found two individuals, or occasionally several, feeding

on the same leaf, but without the slightest aspects of similar orienta-

tion; that is, two specimens feeding on a given leaf, the one headed

upward, the other exactly the reverse. Members of a given colony which

feed during the day may be readily seen traveling in all directions,

scattered over a large area of foliage; some will be found greedily

feeding, others traveling in search of edible leaves. This is especially

noticeable when a tree has suffered heavy defoliation.

Observations upon the nocturnal species is not so easy, though on

cloudy and dark days they will be found feeding, but less freely than

at night. As in the former group there is no discernible evidence of any
orienting tendency. One might expect that if gravity had any influence

it would show itself in the position of the specimens in their aggrega-

tions on the trunks of the tree during the day; but critical study of

hundreds of such colonies failed to show any such evidence. Massed
together on the bark and especially the chinks or valleys of such trees

as ash, their bodies will generally be more or less parallel, but with

heads up or down indiscriminately.

Finally, with the approach of pupation members scatter promiscu-

ously, seeking a fit place at which to spin the cocoon; but aside from

the selection of a sheltered place no evidence was noted as to anything

like uniformity, or the operation of any distinguishable tropic factor

of determination.

In still other studies of behavior, both of insects and vertebrates,

similar conclusions have been forced upon me. In all sorts and grades

of animals one encounters unmistakeable evidence of autonomy and in-

dividuality. Just as no two animals, even of the same species, are

exactly alike, so no two of these behave in precisely the same manner.

The mechanistic conception of life proceeds upon the assumption that

animals are automata, mere puppets, acting only as acted upon by

external stimuli. And one may find examples which apparently illus-

trate aspects of this view; but they are relatively few, and, when sub-

jected to adequate observation and experiment are far from the automata
of theory.

This the writer has had occasion to emphasize repeatedly. For
example (Jour. Exp. Zool. Vol. 7. p. 184), it is stated: "If we may
regard these organisms, not as mere machines, automata, but as in-

dividual beings endowed with an organization, both physical and physio-

logical, capable of self-coordination and direction, whether from external

or internal stimulation, or from pure spontaneity, then these variable

phenomena of behavior are only such as conform to natural expecta-

tion. They form integral parts of that living world, from monad to

man, whose correlated behavior * * * differs relatively according to

the complexity of the organism concerned."

Touching the same general problem as related to widely differing

organisms it is stated as follows: "What right has one to assume that

the actions of an animal roughly taken from its natural habitat and
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as rudely imprisoned in some improvised cage are in any scientific

sense an expression of its normal behavior? Is it probable that con-

clusions drawn from observations made upon an animal in the shallow

confines of a finger-bowl, but whose normal habitat has been the open

sea, are wholly trustworthy? It is no part of my purpose to discredit

the laboratory methods as related to such investigations. They are in-

dispensable. But at the same time let it be recognized that they are at

best but artificial makeshifts whose values, unless checked up by con-

stant appeal to nature, must be taken at some discount. This must be

especially the case with higher organisms. Some of these may, of course,

be readily domesticated, or made more or less at home in aquaria or

vivaria, but not a few absolutely fret their lives out, are never at ease,

and probably never give expression to a natural reaction under such

conditions. Until one has been able to place his specimens under condi-

tions approximating the natural, where in food-taking, health, etc., they

are at ease, he has small right to dogmatize as to conclusions, or pre-

sume to make such conclusions the basis of so-called laws of behavior."

(Jour. Animal Behavior, 1912, Vol, 2, p. 51).

As an eminent experimentalist has recently stated: "The properties

of protoplasm are too manifold for description. They are those proper-

ties whereby living protoplasm acts otherwise then its chemical con-

stituents do. They are as diverse as are the kinds of protoplasm."

Again in distinguishing between mechanism and vitalism this author

goes on to say: "In addition to vitalism and mechanism there may be

a tertium quid, possibly a quartum, or even a quintum quid." (Parker,

Science, June 13, 1924).

Another equally eminent authority declares : "As a physiologist

I can see no use for the hypothesis that life as a whole is a mechanical

process. Mechanical theories have served as temporary working hypo-

theses round which experimental investigation has centered in physi-

ology. * * * The main outstanding fact is that the mechanistic

account of the universe breaks down entirely in connection with the

phenomena of life." (J. S. Haldane. Mechanism, Life and Personality.)

18—35508
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ABNORMAL GROWTH OF THE INCISOR TEETH OF THE
WOODCHUCK.

Walter N. Hess, DePauw University.

During the latter part of August, 1923, Mr. Charles Lininger of

Brookville, Indiana, killed the woodchuck whose head is described in this

article. Upon observing that the teeth were abnormal he removed the

head from the body and preserved it by soaking its tissues in strong

arsenic and, later, drying. Mr. Lininger, however, observed that the

body was that of a nearly full-grown animal, but was very much
undersized and excessively thin. He made special note of the animal's

inability to run, which he attributed to its nearly starved condition.

The cause of the present condition of the teeth of this animal seems

to be due to the fact that the lower left incisor, instead of growing

normally, became thrown out of alignment early in life, and turned

toward the right, crossing the other lower incisor on its inner side.

Fig. 1—Photograph right side of woodchuck's head. LLI, left lower incisor : LUI,

left upper incisor ; RES, right eye socket ; RLI, right lower incisor ; RUI, right upper

incisor. (Photo by Prof. J. P. Naylor.)

This condition tended to crowd the right lower incisor forward, and
rather early in the development of these teeth the upper incisors failed

to meet those of the lower jaw. It is very probable that the right

incisors of both jaws met and kept one another worn back for some little

time but it is very doubtful if the left incisors ever met. This condition

permitted the upper left incisor to grow faster than the upper right

one, and this being the case the upper left incisor tended to grow in the

form of a circle earlier than its mate. This condition, however, had
not advanced far when the upper right incisor failed to meet the

lower right incisor and then both upper incisors grew in the form of

circles.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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The position of these teeth made it impossible for food to enter

from in front, making it necessary for the animal to take in its food
on one side or the other and the passage on the left side being less

obstructed was the natural one. Crowding from food on the left side

probably caused the dorsal incisors to be shoved to the right so that

by the time they came in contact with the roof of the mouth they had
been crowded over to the region of the right molar teeth. At the time

the animal was killed the upper incisors had ploughed through the

right maxilla in the region of the molar teeth into the eye ball. Sight

on the right side had been lost and the eye socket was a suppurating

mass.

Why the lower incisors did not obtain the length of the upper
ones can probably best be explained on the ground that since they pro-

truded from the head they were probably being more or less constantly

worn back in feeding.

The growth of the upper incisors as described above, not only caused

destruction of the right eye but prevented the animal from closing its

mouth and hence from chewing. As a matter of fact, the mouth
appeared as if it had been pried open to its fullest extent.

What may have caused the left lower incisor to grow as it did is

impossible to state. It may have been an accident early in life, or

possible injury at birth.

The case is a fine example of the way rodents' incisor teeth with

continuous growing germs (persistent pulps) continue to grow if they

fail to meet. It also shows the effects of pressure on the direction of

the growth of teeth.

It is remarkable that an animal in this condition could have ob-

tained sufficient nourishment to keep alive. Certainly the teeth in-

cluding the molars must have been nearly useless. It is possible

that the animal by manipulating its tongue and lips was able to obtain

some food.

Although the animal appeared to be mature it is probable, since

rodent teeth grow rapidly, that it was born in the early spring of the

same year in which it was killed.
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A SYNOPSIS FOR THE IDENTIFICATION OF THE
AMPHIBIANS AND REPTILES OF INDIANA. 1

George S. Myers, Indiana University.

The present synopsis is presented with the hope that it will be of

value in the correct identification of the species of amphibians and

reptiles found within the state limits of Indiana. Hay's Batrachians

and Reptiles of Indiana, published over 30 years ago, no longer gives

a proper idea of our current knowledge of the herpetological fauna.

A synopsis of this type must be largely compilation, but the author

has introduced some matter that he hopes will make Indiana specimens

more easily identifiable than in the general manuals. The account of

the two species of common toads is new, based on studies made in New
York, New Jersey, North Carolina, and Indiana, although most of the

characters used for differentiation were first suggested by Dr. A. G.

Ruthven, several years since.

To those from whose works he has borrowed the author wishes to

express his indebtedness. Of such thus utilized the following have been

most valuable: Blanchard's A Key to the Snakes of the United States,

Canada, and Lower California, 1925; his Revision of the King Snakes,

1921; Ruthven's Variations and Genetic Relationships of the Garter

Snakes, 1908; Dunn's review of the snakes, turtles, and salamanders

in Pratt's Manual of the Vertebrate Animals of the United States, 1923;

and Miss Dickerson's Frog Book, 1906. Cope's Batrachia of North
America, 1889; his Crocodilian^, Lizards, and Snakes of North Amer-
ica, 1898; Jordan's Manual of the Vertebrates, 1899; and Boulenger's

Catalogue of the Chelonians in the British Museum, 1889, have also

been used. The nomenclature is almost entirely that of Stejneger and
Barbour's Check-List of North American Amphibians and Reptiles, sec-

ond edition, 1923.

Owing to the lamentably small amount of work that has been done

on Indiana amphibians and reptiles in the last 30 years, the reliable dis-

tributional data still rests to a large extent on Hay's publication of

1893. Ortenburger published a short list of Indiana species in Copeia,

No. 99, 1921, pp. 73-76. Two older papers are valuable, namely, Hahn's,

on the fauna of the Indiana University farm, Mitchell, Proc. U. S. Nat.

Mus. XXXV, 1908, pp. 545-581, and McAfee's, on Monroe County verte-

brates, Proc. Biol. Soc. Wash., XX, 1907, pp. 1-16.

Much work remains to be done on the gross distribution of the

amphibians and reptiles before we will have accurate knowledge even

of what species occur in Indiana. We may hope that a survey of the

herpetology of the state will soon be made and an adequate report pre-

pared, but no report can be made in the present state of our knowl-
edge. A great amount of systematic collecting must be done and co-

operation of the zoologists of the state secured, before the reptiles and
amphibians of Indiana can be said to be even fairly well known.

1 Contributions from the Zoological Laboratory of Indiana University, No. 210.

"Proc. Ind. Acad. ScL, vol. 34, 1925 (1926)."
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Synopsis.

Al. Scaleless; skin glandular; moist in most forms.

—

Amphibia.

A2. Scaly, excepting in the soft-shell turtles, where integument is leath-

ery.

—

Reptilia.

KEY TO MAJOR GROUPS OF INDIANA AMPHIBIANS.

Al. Tail present throughout life.

—

Salamanders.

A2. Tail lost in adult stage.

—

Frogs and Toads.

Salamanders.

Al. Weak front legs only (order Meantes) ; body elongate and eel-like;

up to 3 feet; reported from New Harmony, Terre Haute, Lafayette,

Washington; in swamps.

—

Siren lacertina Linne—MUD EEL.
A2. Two pairs of legs.

2

Bl. Adults with bushy red external gills (order Proteida), brownish,

splotched and spotted with dark; up to two feet; in lakes and

rivers; throughout the state.

—

Necturus maculosus maculosus

(Rafinesque)—MUD PUPPY.
B2. Adults without external gills; smaller (order Mutabilia).

CI. Adults with gill slits throughout life; large (size up to two

feet); wholly aquatic; head flat; broad; eyes small; lateral

folds of skin ; brown, spotted ; throughout the state.

—

Crypto-

branchus alleganiensis (Daudin)—HELLBENDER.
C2. Adults without gill slits; not over 10 inches, usually consid-

erably less.

Dl. No groove from the nostril to the lip; no parasphenoid teeth.

El. Costal grooves present; vomerine teeth set transversely.

(Ambystomidae.)

Fl. Boldly marked with yellow spots or with a bold pattern

of gray on black body color.

Gl. A row of several brilliant canary yellow spots down
each side of back, sometimes rather irregular, on a

bluish or purplish black background; one plantar tu-

bercle or none; under stones or wood in damp places;

throughout the state; a very heavily built species;

adults 4 inches or more.

—

Ambystoma maculatum
(Shaw)—SPOTTED SALAMANDER.

G2. Dull yellow spots thickly and irregularly distributed

over a dark ground color; two plantar tubercles; under
stones or boards in damp places ; a large species, adults

6 inches or more; throughout the state. A variable

species, unspotted specimens rarely found.

—

Amby-
stoma tigrinum (Green)—TIGER SALAMANDER.

Go. Heavy H-shaped bars of milky gray across back, these

often coalescing at the sides to form a heavy ladder-

- Amphmvia means Garden, an eel-like form similar to Siren, but with four weak
legs, has been reported from Jeffersonville. The record is doubtful, but if Amphiuma
does occur in southern Indiana, the species is probably the closely related A. tridactylum

Cuvier.



Amphibians and Reptiles of Indiana 279

shaped pattern down back; ground color black; under

boards or stones in comparatively dry situations; a

heavily-built species ; up to 4 inches
;
probably through-

out the state.

—

Ambystoma opacum (Gravenhorst)—
MARBLED SALAMANDER.

F2. Color dark or dull, often with pale grayish spots or

dots.

HI. Body extremely short and stout; head broad and

depressed; 10 costal grooves; a southern species

found in southern Illinois and perhaps in the south-

ern tip of Indiana.

—

Ambystoma talpoideum (Hol-

brook)—MOLE SALAMANDER.
H2. Body comparatively slender; costal grooves 12 to 14.

11. Costal grooves 12; vomerine teeth in 4 patches

running behind the internal nares; throughout the

state. — Ambystoma jeffersonianum (Green)—
JEFFERSON'S SALAMANDER.

12. Costal grooves, 14; vomerine teeth in two patches,

not extending along behind the internal nares;

throughout the state.

—

Ambystoma texanum (Mat-

thes) (=A. microstomum Cope).

E2. No costal grooves; greenish, brownish, or red; a row of

a few small black bordered red dots down each side of back

;

belly yellow or pink speckled with black; in ponds (water

form) or on land under rotten logs in damp woods (red or

brown land stage). (Salamandridae.)

—

Triturus virides-

cens (Rafmesque)—COMMON NEWT.
D2. A naso-labial groove present from the nostril to the upper

lip; parasphenoid teeth present; all slender species. (Pletho-

clontidae.)

Jl. Toes on hind feet 4; brownish above; underside

pure white boldly sprinkled with black dots;

locally common around sphagnum swamps.

—

Hemidactylium scutatum (Schlegel)—FOUR
TOED SALAMANDER.

J2. Toes on hind feet 5.

Kl. Tongue free all around its edge, supported by
a central stalk.

LI. Body brownish or bluish mottled and
blotched with gray; a more or less light

line between nostril and eye; costal grooves

15; along brooks, under stones; Allegheny
Mts., west to Columbus, Ohio; not yet re-

ported from Indiana.

—

Gyrinophilus porphy-
riticus (Green)—PURPLE SALAMAN-
DER.

L2. Body dull yellowish, occasionally grayish,

with a distinct dark line down each side of

back; costal grooves 15; along brooks, under
stones; common throughout the state.

—
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Eurycea bislineata bislineata (Green)—
TWO LINED SALAMANDER.

L3. Body very elongate, tail much longer than

body; head flat; ground color bright yellow

in life, speckled with black, the spots some-

what confluent to form vertical bars on the

sides of the tail ; under stones, usually not

far from brooks; reported from the south-

ern half of the state.

—

Eurycea longicauda

(Green)—LONG TAILED SALAMAN-
DER.

L4. Body very elongate, tail much longer

than body; head very flat; ground color

orange, spotted with black; the spots never

confluent into bars on the side of the tail;

in caves or about springs; southern half of

Indiana.

—

Eurycea lucifuga Rafinesque 3—
CAVE SALAMANDER.

L5. Body not extremely elongate; tail shorter

than body; ground color reddish with black

spots; probably occurring in Indiana; under

stones in brooks and springs.

—

Pseudotriton

ruber ruber (Sonnini)—RED SALAMAN-
DER.

K2. Tongue not free all around its edge; attached

at its anterior margin.

Ml. Black, sprinkled to a greater or less ex-

tent with silvery gray spots, more nu-

merous along sides; belly gray; costal

grooves 14; up to 4 inches; in woodland,

usually under rotting logs or in rotting

piles of wood; probably throughout the

state.

—

Plethodon glutinosus (Green)—
SLIMY SALAMANDER.

M2. Grayish or brownish, sometimes with a

wide light or reddish dorsal band; under-

side finely speckled grayish; costal

grooves 19 ; always found in woodland,

under logs and stones; common, its dis-

tribution in Indiana confused with that

of the next.

—

Plethodon cinereus (Green)

GRAY SALAMANDER, RED BACKED
SALAMANDER.

M3. Like M2 but costal grooves 17; in wood-

land; southern Indiana.

—

Plethodon dor-

salis (Cope)—RED BACKED SALA-
MANDER.

M4. Dusky, colors in general similar to the

two last, but usually more brownish; a

3 Spelerpes maeulicaudus (Cope) of authors.
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more or less evident irregular light line

from eye to angle of mouth ; always found

under stones along courses of brooks and
easily distinguished from the last by this

habitat; usually in hilly country; south-

ern Indiana.

—

Desmognathus fuscus fus-

cus (Rafinesque)—DUSKY SALAMAN-
DER.

Notes to Syno])sis of Salamanders.

The above synopsis cannot be used for the determination of larva

salamanders. Such immature specimens are valuable, however, and

should be preserved and sent to a specialist.

Costal grooves are the furrows along the sides of most salaman-

ders. All those between the legs are counted, although the axillary and

inguinal ones (in arm-pit and groin) are sometimes hard to distinguish.

Plantar tubercles are small tubercles on the sole of a salamander's

foot.

For parasphenoid and vomerine teeth of salamanders, see figure 2.

In some forms the parasphenoids are continuous with the vomerines,

and in others the parasphenoids are absent.

The naso-labial groove of the Plethodontidae is not easy to distin-

guish in some species. A hand lens should be used.

MA90 LABIAL GROOVt

PARflirHCNOID TECT

Fig. 1 (Left)—Frog (Rana) showing heel, lateral fold, and tympanum. Fig. 2

(Right)—Roof of mouth of salamander (Plcthodon glutinosus) showing patches of teeth.

Frogs and Toads.

Al. A large elongate or oval swelling (the parotoid gland) present be-

hind the eye and above the circular ear-drum (tympanum). Toads.
Bl. Upper surfaces of hind legs rough with irregular enlarged horny

warts; body and head very rugose and warty, becoming more so

with age; cranial crests very evident; some of the warts on the
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back always enlarged and horny; dark color spots of back usually

each with one enlarged wart; areolae on undersurface rather

coarse, each with a minute horny pustule in the adult; color red-

dish brown to blackish, never pale gray or with a greenish tinge;

undersurface spotted; rarely entirely brick red above; song a

prolonged high-pitched musical trill, heard only in the breeding

season, April and early May; usually in hilly or upland country,

in general from Hudson Bay south to the 39th parallel, much
further south in the mountains. Nearly all previous records of

toads in the state confuse this species with the next. The pres-

ent species seems not to be found at Bloomington, but I have

taken it at Decatur, Adams County.

—

Bufo americanus Holbrook

—AMERICAN TOAD.
B2. Upper surfaces of hind legs with small inconspicuous warts, with

rare exceptions; warts on back small, almost never enlarged and

horny; cranial crests inconspicuous; several small warts of equa)

size in each color spot of the back; areolae of undersurface very

fine with no tiny horny spicules, the skin soft; light gray to dark

dull drab usually with a slight greenish tinge; dark color spots

very conspicuous when ground color is light; colors never tinged

with reddish brown, excepting in very rare bright red speci-

mens; undersurface spotted or immaculate; possibly occasionally

interbreeding with americanus, this accounting for intermediate

examples; song a characteristic harsh trill, decidedly less musical

and shorter than that of americanus; breeding season late April

or, more usually, May to July or, rarely August; more a lowland

species than americanus; New England and New York south to

Georgia, west to Michigan and Missouri, and along the Gulf to

central Texas; its distribution in Indiana not well known. A
smaller and decidedly more dapper and active toad than the

last. Bufo fowleri Garman—FOWLER'S TOAD.
A2. Parotoid glands absent.

CI. Tips of fingers and toes expanded into small adhesive knobs or

discs, these reduced and scarcely noticeable without close in-

spection in the smaller species. (Tree-frogs, Cricket-frogs.)

Dl. Toes webbed to beyond the last joint, the expanded tips very

small; size small, IVi inches or less; snout pointed; back

usually roughly warty with a central reddish or greenish

band; found in damp, grassy places; breeding season May
and June, in more or less deep, weedy ponds, particularly

where there are pond-lilies; call a sharp rattle, resembling

the rattling of marbles, but more explosive when near at

hand ; our commonest amphibian in southern Indiana.

—

Acris gryllus (Le Conte)—CRICKET FROG.
1)2. Toes with scarcely any web; expanded tips very small; size

small, iy± inches or less; back smooth, with longitudinal

streaks (rarely broken up into blotches) on a brownish or

grayish background.

El. Length of leg to heel (last joint of leg) equals distance

from eye to anus; head narrower, its greatest width 3.50
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to 3.66 times in the length of body; a distinct spot on each

eyelid; breeding season, in New Jersey, February or March;

the call "may be imitated by drawing a point strongly

across a coarse comb, commencing at the bottom of a jar

and bringing it rapidly to the mouth"—Cope; it is not cer-

tain that the present species is distinct from the next and

the distribution of the two in the state is very confused.

—

Hyla (Pseudacris) triseriata Wied—SWAMP CRICKET
FROG.

E2. Length of leg to heel equals length of body; head wider,

its greatest width, at the tympana, 3.25 in length of body;

eyelids involved in a median stripe; breeding season Febru-

ary or March; song presumably like the last.

—

Hyla

(Pseudacris) feriarum, (Baird)—SWAMP CRICKET
FROG.

D3. Toes half webbed; expanded tips small but distinct; size

small, l 1^ inches or less; snout rather blunt; skin smooth;

brownish, with darker markings on the back, these usually in

the form of an indistinct X; breeding season February and

March; song a high whistle, often repeated, somewhat re-

sembling the "peep" of a lost chicken but louder and more

musical, the whistles usually heard in chorus in icy pools

in early spring, sounding like sleigh-bells in the distance;

next to Acris the most abundant amphibian in the southern

half of the state (undoubtedly found throughout), though

seldom seen outside the breeding season.

—

Hyla crucifer

Wied*.—SPRING PEEPER, PICKERING'S HYLA.
D4. Toes half webbed; expanded tips distinct; size medium to

small, usually under \V% inches; snout blunt; skin smooth;

body fairly plump; a pale poorly marked yellow line along

upper lip ; color brown, green, yellow, or gray, the color

changing chamaeleon-like ; seldom mottled, usually some shrdc

of brown or green, but the green never is brilliant as in the

next; iris of eye bronze; very active; breeding season May;
a single very doubtful record from Brookville, Indiana, though

the species may be present in the extreme southwest corner

of the state.—Hyla squirella Latreille—SOUTHERN TREE
FROG.

D5. Toes half webbed; expanded tips very distinct; size medium
to rather large, up to 2% inches, usually about 2; snout

blunt; skin smooth; body slender; legs very long and slender;

a very distinct cream colored or metallic golden line along

the upper lip, extending along the side and along the tibia,

the line along the side and tibia being absent in rare cases;

back some shade of brilliant green, dark sage-green when in

wet surroundings, light yellowish green when subjected to

heat, or in rare cases even brownish; colors never so evanes-

cent as in the last species; iris of eye golden orange; very
active; one of our most beautiful amphibians; breeding sea-

4 Hyla jrickcnnciii Storer of author!
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son May; breeding in tall reed patches on the edge of streams

and ponds; call a single, explosive, not very musical cry,

often repeated; not yet reported from Indiana, but perhaps

occurring in the extreme southwest corner of the state.

—

Hyla cinerea (Schneider5)—GREEN TREE FROG.
D6. Toes half webbed; expanded tips very distinct, large; size

medium, usually about 2 inches; snout very blunt; skin rough

with small warts; body fat and squat; some shade of gray

with an irregular marking on the back, this in most cases

roughly star-shaped; in wet surroundings the colors are dull

gray with a slight brownish tinge; in heat or bright light

the color may be white, with but a trace of the markings;

sometimes changing to green when on green vegetation; con-

cealed surfaces of hind legs mottled bright yellow; arboreal

in habit, found on bushes or low trees; breeding season late

May and June, in deep, weedy, ponds frequented by Acris;

call a chucking or trilled note comparable to bleating of a

goat; common throughout the state, but seldom seen.

—

Hyla
versicolor versicolor (Le Conte)—GRAY TREE FROG.

D7. Similar to the last, but the concealed surfaces of the hind legs

not mottled with brilliant yellow, but instead with pale green-

ish, and the voice a bird-like whistle; reported from Mt. Car-

mel, 111., and undoubtedly found in Knox, Gibson and Posey

counties.—Hyla phaeocrypta (Cope)—BIRD VOICED HYLA.
C2. Tips of fingers and toes not expanded into small adhesive pads,

pointed.

El. Head narrow, with a small mouth; a conspicuous fold of

skin across head behind eyes, size small ; skin mostly

smooth; blackish, brownish or grayish, often two reddish

bands backward from eyes; found hiding under boards and
leaves; breeding season (in North Carolina) May to Au-
gust; call resembling an electric buzzer; northward through

Mississippi Valley to "southern Indiana" (according to

Stejneger and Barbour).

—

Gastrophryne carolinensis (Hol-

brook)—NARROW MOUTHED TOAD.
E2. Head not especially narrow, no fold across head behind

eyes; size larger.

Fl. A glandular fold of skin from eye down each side of

back, not to be confused with fold around ear drum or

tympanum.
Gl. With distinct rounded or squarish spots on back; no

black patch over tympanum.
HI. Length of leg to heel as long as or longer than total

body length; back with irregular longitudinal folds

between the two lateral ones; spots squarish or oval,

sometimes rounded.

II. Spots squarish or oblong; ground tone always
brownish or yellowish; never green; concealed sur-

6 I admit Hyla evittata Miller as a valid species and hence use H. cinerea rather

than H. cinerea cinerea.
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faces of hind legs bright yellow or orange; found

in grassy meadows near water; breeding season

May; call a gutteral ripping sound; throughout

the state.

—

Rana palustris Le Conte—PICK-

EREL FROG.
12. Spots oval (or rounded)

;
ground tone usually

green or greenish, often brown; head (front snout

tip to rear of tympanum) 3 to 3M> times in total

body length; no small clearly defined round white

spot in center of tympanum; found along borders

of streams; breeding season March and early

April; call a gutteral croaking; throughout the

state—.Rana pipiens Schreber—LEOPARD FROG.
13. Spots oval (or rounded) ; head long; about 2%

times in total body length; a small clearly denned

white spot at center of tympanum ; otherwise as in

R. pipiens; along streams; a southern species, ap-

parently coming up into Indiana along the larger

rivers, its distribution in the state not well known.

—Rana sphenoeephala (Cope) — SOUTHERN
LEOPARD FROG.

H2. Back and sides rough with elongate warts between

the lateral folds; leg to heel less than total body

length; all spots definitely rounded with conspicuous

light borders; a lightish blotch on tympanum; always

grayish, never greenish; a rare southern frog taken

a few times in Illinois and southern Indiana.

—

Rana
areolata Baird and Girard.

G2. Back without distinct rounded or squarish color spots,

often with small black spots; no black patch over

tympanum ; skin with no folds between the two lateral

ones; body brown, head usually green; throat of male

yellow; around or in water; breeding season last of

March to first of May; breeding call compared by Miss

Dickerson to cutting heavy cloth on a table with

shears; other calls are a musical "t-chung" and a high

pitched scream, the latter given when alarmed and
jumping into water; throughout the state.

—

Rana
clamitans Latreille—GREEN FROG.

G3. Back without spots, fairly smooth; brown or gray with

a black patch over tympanum.
Jl. Length of leg to heel (first joint of leg above

foot) just equals total body length; in woodland;
a northern species reported by Ortenburger from
Warren and Jennings counties.

—

Rana canta-

brigensis Baird—NORTHERN WOOD FROG.
J2. Length of leg to heel greater than total body

length; in woodland; breeding season late Feb-
ruary or March; call a hoarse croaking some-
what similar to that of R. pipiens; several times

i
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reported from Indiana but doubtless at times

confused with R. cantabrigensis.—Rana syl-

vatica Le Conte—WOOD FROG.
F2. No glandular fold down each side of back, as under Fl;

greenish, adults very large; in weedy ponds; breeding

season late April to May; call a deep bass "jug-o-rum";

throughout the state.

—

Rana catesbeiana Shaw—BULL
FROG.

KEY TO MAJOR GROUPS OF INDIANA REPTILES.

Al. Form elongate, legless, or with four legs; eyes capable of being

closed; no wide ventral plates extending across belly.

—

Lizards.

A2. Form always elongate, legless; eyes incapable of being closed; wide

ventral plates extending across belly.

—

Snakes.

A3. Body incased in a rounded shell, usually calcareous, but leathery in

some; four legs.

—

Turtles.

Lizards.

Al. Legless, snakelike; occasional throughout the state.

—

Ophisaurus

ventralis (Linne)—"GLASS SNAKE."
A2. With four legs.

Bl. Color mottled grayish or brown; scales rough; southern Indiana;

uncommon.

—

Sceloporus undulatus (Latreille)—SWIFT.
B2. Color not mottled grayish; scales not rough.

CI. Scales very small above, large on belly; striped longitudinally

with green, black, and yellow; rare; once reported from Wheat-
land.

—

Cnemidophorus sexlincatus (Linne)—RACE-RUNNER.
C2. Scales very smooth, not greatly enlarged on belly; small, seldom

over 4 inches; dull brownish with lengthwise markings.

—

Leiolopisma laterale (Say)—GROUND LIZARD.
C3. Striped longitudinally with yellow, or whitish, on a black back-

ground, or brownish with a lighter brown or reddish head.

Dl. Dark olive green to black with two well denned white (or

yellow) lines on each side, tail bluish black; tail bluish under-

neath in young; not reported from Indiana but perhaps
occurring.

—

Eumeces anthracinus (Baird)—BLACK SKINK.
D2. Black, with five fine yellow stripes, tail brilliant blue, this

changing with age so that the adult males lose the blue of

the tail, the stripes fade, the body grows brownish and the

head mahogany to bright cherry-red; the females do not en-

tirely lose the stripes and the blue of the tail, and the head
never becomes red; southern half of the state.

—

Eumeces
fasciatns (Linne)—BLUE TAILED SKINK, RED HEAD.

Snakes.

Al. Poisonous snakes. (See notes following key.)

(a) A rattle on tip of tail; with cross bands of yellow and black, or

wholly black; top of head with small scales; in wooded regions.

—

Crotalus horridus Linne—TIMBER RATTLESNAKE.
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(b) A rattle; dark brown or gray with darker spots; top of head with

large plates; swampy country.

—

Sistrurus catenatus catenatus

(Rafinesque)—MASSASAUGA, SWAMP RATTLER.
(c) No rattle; brilliant reddish brown to dull brown with hourglass-

shaped bands across back ; head broad and flat on top ; not usually

found along borders of streams; a pit (like a second nostril) be-

tween nostril and eye; in wooded regions.

—

Agkistrodon mokasen
Beauvois—COPPERHEAD.

(d) No rattle; dull olive-brown; a pit between eye and nostril; top

of head very flat and broad, forming an acute angle with side of

head; common along streams in southern Illinois; doubtless found

in Posey County.

—

Agkistrodon piscivorus (Lacepede)—WATER
MOCCASIN, COTTONMOUTH.

(e) No rattle; red, whitish (or yellow) and black bands, all three

entirely encircling body; yellow bands in contact with red; Ham-
ilton County, Ohio, and Milan, Indiana.

—

Micrurus fulvius

(Linne)—CORAL SNAKE.
A2. Non-poisonous species.

Bl. Scales of the back each with a ridge (keel) down the middle, this

sometimes very faint and difficult to detect except by allowing

the light to reflect on a scale under magnification.

CI. Rostral scale (at tip of snout) more or less upturned and

pointed; form short and thick. See also under 03.

Dl. Snout slightly upturned; body wholly black or with a series of

dark, squarish dorsal patches alternating with a series on

each side, these on a brownish or reddish background; under-

side of tail usually conspicuously lighter than abdomen; com-

mon.—Heterodon contortrix (Linne)—HOG NOSED SNAKE.
D2. Snout much upturned; body gray with a series of dark, dorsal

patches alternating with a smaller series on each side ; under-

side of tail not conspicuously lighter than abdomen; reported

from Brookville.

—

Heterodon simus (Linne)—SOUTHERN
HOG NOSED SNAKE.

C2. Rostral scale not upturned and pointed.

El. Anal plate (scale over vent) divided into two by a median
diagonal suture.

Fl. Color bright green; very slender; southern Indiana.

—

Opheodrys aestivus (Linne) — KEELED GREEN
SNAKE.

F2. Color not green.

Gl. Scales around middle of body, not counting the wide
ventral plates, in 15 or 17 rows; length not over 1 foot.

HI. Scales in 15 rows; belly usually red; throughout the

state.

—

Storeria occipitomaculata (Storer)—RED
BELLIED SNAKE.

H2. Scales in 17 rows; belly usually pale; throughout the
state. — Storeria dekayi (Holbrook) — BROWN
SNAKE.

G2. Scales in 19 or more rows; size usually large.
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11. Ventral plates (wide scales on underside from head

to vent) 190 or more; scale rows 25 to 33; belly

flattened; keels of scales usually weak.

Jl. Ventral plates 222-241; red or reddish with

darker spots; belly white or yellowish, boldly

checkered with black; very doubtfully found in

Indiana; reported from Mt. Carmel, Illinois;

and, on very unsatisfactory evidence, from
Brookville and Greencastle, Indiana.

—

Elaphe
guttata (Linne)—CORN SNAKE.

J2. Ventral plates 194-211; gray or brown; a series

of blotches on the back, the anterior and pos-

terior margins of these blotches generally

straight or convex; rare in Indiana.

—

Elaphe
vulpina (Baird and Girard)—FOX SNAKE.

J3. Ventral plates 226-244; blotches, if present, gen-

erally concave on their anterior and posterior

margins. (Elaphe obsoleta, the distribution of

the two varieties in the state not known.)

Kl. Young and adult gray with darker series of

blotches; scale rows 27 or 29; up to 6 feet.

—

Elaphe obsoleta confinis (Baird and Girard)—
SPOTTED PILOT SNAKE.

K2. Young as in the last; adult becoming pitchy

black; scale rows 25 or 27; up to 6 feet.

—

Elaphe obsoleta obsoleta (Say)—PILOT
BLACK SNAKE.

12. Ventral plates less than 165 ; scales usually strongly

keeled.

LI. Body with longitudinal stripes; scale

rows 19.

Ml. Two long dark stripes on middle of belly;

probably throughout the state.

—

Natrix

septemvittata (Say)—QUEEN SNAKE.
M2. One long median dark stripe on belly, or

no markings, except on lateral end of

ventral plates; found in Illinois but not

yet recorded from Indiana.

—

Natrix

grahamii (Baird and Girard).

L2. Body plain or with transverse bands or

spots.

Nl. Scale rows 19; 2 series of indistinct

round spots on back alternating with

a series of large blotches on each side;

said by Hay to be common near Indian-

apolis and throughout the state.

—

Natrix kirtlandii (Kennicott).

N2. Scales in 23 to 25 rows, usually 23;

belly usually with numerous reddish,

black-edged half-circles; lateral spots



Amphibians and Reptiles of Indiana 289

not alternating with dorsal spots so far

forward as the head; common along

streams throughout the state.

—

Natrix

sipedon sipedon (Linne)'
:—COMMON

WATER SNAKE.
N3. Scales in 23 to 25 rows; uniform dark

above and uniform light or reddish be-

low, with dusky mottlings on posterior

ventrals in old individuals and dark

bases to ventral plates in young; Wa-
bash Valley in Indiana.

—

Natrix sipedon

erythrogaster (Forster) —COPPER-
BELLY.

N4. Scales usually in 27 rows (occasionally

25, 29, or 31) ; eye in contact with the

upper lip scales (labials) ; dorsal spots

26 to 33; a single series of conspicuous

spots along each side, alternating and

connecting with dorsal spots; reported

from Lafayette and New Harmony.

—

Natrix rhombifera (Hallowell).

N5. Scales usually in 29 to 31 rows, some-

times 27; eye separated from upper

labials by one or more subocular scales;

dorsal spots about 50 ; two series of

small, often ill-defined, spots in alterna-

tion along each side; dorsal spots

small and indistinct; reported from

southern Illinois and possibly occurring

in Posey County.

—

Natrix cyclopion

(Dumeril and Bibron).

E2. Anal plate entire, not divided.

01. Nostril enclosed in a single scale; lower labials 5 to 7;

three narrow dorsal stripes; a small southern and west-

ern species; reported from Hughes, Ohio, on the strength

of a specimen (No. 10088) in the National Museum, but

Hay quotes Stejneger as saying this example is a

Storeria; found at Urbana, Illinois, and probably occur-

ring in Indiana.

—

Tropidoclonion lineatum (Hallowell).

02. Nostril between two scales; lower labials 8 or more;
scales in 23 rows or less; striped longitudinally; some-
times with regularly arranged spots between the stripes.

PI. The stripe on the side anteriorly on the third and
fourth scale rows, counting upward from the ventral

plates.

G Stejneger and Barbour, Check-List, page 108, footnote 1, misquote Blanchard in

giving the type locality of Natrix fasciata confluent as Butler County, Michigan, the
range thus appearing to include Indiana. "Missouri" should be substituted for "Michi-
gan."

19—35508
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Ql. Tail, from vent to tip, usually more than .27 total

length.

R1. Upper lip plates (labials) usually 7, not counting

rostral, i.e., the scale on the tip of the snout;

throughout the state about ponds.

—

Thamnophis
sauritus sauritus (Linne)—RIBBON SNAKE.

R2. Upper labials usually 8; intergrading with the

above in Illinois and probably in Indiana.

—

Tham-
nophis sauritus proximus (Say)—PLAINS RIB»
BON SNAKE.

Q2. Tail generally less than .27 total length.

51. Scale rows usually 19-21-19-17 (beginning at an-

terior end and taking counts at various places to

as far back as vent) ; upper labials 7 or 8; re-

ported from Irvington and "southeastern Indi-

ana."

—

Thamnophis radix radix (Baird and

Girard)—PLAINS GARTER SNAKE.
52. Scale rows usually 19 to 17; upper labials 6 or

7; throughout most of the state.

—

Thamnophis
radix butleri (Cope)—BUTLER'S GARTER
SNAKE.

P2. Stripe on side anteriorly on second and third rows;

common throughout the state.

—

Thamnophis sirtalis

sirtalis (Linne)—COMMON GARTER SNAKE.
03. Nostril between two scales; scale rows 29 or more; size

up to 6 feet; spotted; reported to be common in some
parts of Illinois and probably occurring in western Indi-

ana.—Pituophis sayi (Schlegel)—BULL SNAKE.
B2. Scales smooth; not keeled.

Tl. Anal plate (large scale over vent) divided into two by a diag-

onal median suture.

Ul. Scales anteriorly in 13 rows; plain brown; head small and
pointed; eyes small; occurring throughout at least the south-

ern part of the state; burrowing.

—

Carphophis amoena (Say)

—WORM SNAKE.
U2. Scales in 25 to 29 rows; genus Elaphe, of which some speci-

mens have the keels of the scales so faint as to be scarcely

visible; see under II.

U3. Scales anteriorly in 15 to 19 rows.

VI. Black, bluish, or slate gray with a bright yellow or orange

under side and usually a yellow "collar" about the neck;

not green; up to 18 in.

Wl. Upper labials (lip plates) usually 8; belly usually im-

maculate but sometimes with a median series of small,

black spots, more or less imperfectly developed; prob-

ably throughout the state.

—

Diadophis punctatus edward-

sii (Merrem)—RING-NECKED SNAKE.
W2. Upper labials (lip plates) usually 7, rarely 8; belly spots

scattered, showing a tendency to fuse into a single row,

or irregularly massed; probably occurring in southern
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Indiana.

—

Diadophis punctatus stietogenys Cope—RING
NECKED SNAKE.

V2. Grass green, belly whitish; size small, slender; probably

common but seldom seen; reported from New Harmony and

Brown County.

—

Liopeltis vernalis (Harlan)—SMOOTH
GREEN SNAKE.

V3. Plain brown, size small, seldom over 8 inches; scales often

with a faint color-line down the center, appearing like a

keel; scales in 17 rows, 15 rows in the closely related V.

valeriae valeriae, reported from Ohio; reported only from

Brown County, and from Mitchell, Lawrence County; this

latter reference having been missed by Blanchard.

—

Vir-

ginia valeriae elegans (Kennicott).

V4. Not as under VI, V2, and V3.

XI. Scales in 15 to 17 rows.

Yl. Gun-barrel black or very dark gray above, dark blue-

gray below; caudals (plates beneath tail, from vent

backward) average 106; young olive, with darker

spots; southern Indiana; grading into the next.

—

Coluber constrictor constrictor (Linne)—BLACK-
SNAKE, RACER.

Y2. Blue gray, olive brown, or greenish above, below

light bluish, greenish, or yellow; caudals average 82;

northern Indiana.

—

Coluber constrictor flaviventris

(Say)—BLUE RACER.
X2. Scales in 19 rows; size large; blue black, with a series

of red spots along each side; belly reel blotched with

black; a horny spine at the end of the tail; reported

from Wheatland.

—

Farancia abacura (Holbrook)—
HORN SNAKE.

T2. Anal plate entire, not divided.

Zl. Ground color black, a whitish or yellowish spot on practically

every scale of the back; reported from the Wabash Valley,

Illinois, and doubtless occurring in southeastern Indiana.

—

Lampropeltis getulus holbrooki (Stejneger)—HOLBROOK'S
KING SNAKE.

Z2. Ground color black; few of the dorsal scales with a whitish

or yellowish spot; a faint indication of irregular white cross-

lines on mid-dorsal region; a little known form, reported from
Wheatland, Lafayette and Vigo County; I have seen several

specimens from Henryville in the American Museum, New
York.

—

Lampropeltis getulus nigra (Yarrow)—BLACK
KING SNAKE.

Z3. Ground color brownish; pattern of black-edged brown or dark

red dorsal blotches, only narrowly in contact with the fifth

row of scales (counting up from ventral plates) or extend-

ing no lower than the sixth or seventh rows ; sometimes dusky
length-wise stripes are present, through the spots; occasional.

Lampropeltis calligaster (Harlan)—YELLOW BELLIED
KING SNAKE.
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Z4. Pattern of dorsal blotches, red, brown, or gray, on a yellow-

ish-brown or gray background, these broadly in contact with

the fifth or a lower row of scales; dorsal saddles 35 to 60,

reaching down to fifth or third row of scales; often two rows

of lateral alternating blotches; head with a black-bordered

light band from eye to angle of mouth and usually a V-shaped
light spot on back of head; intergrading with the next in

Indiana; young gray with red spots; throughout the state.

—

Lampropeltis triangulum triangulum (Lacepede)—MILK
SNAKE.

Z5. Similar to Z4 but dorsal saddles 23 to 35 extending down to

the third row of scales or lower; only one series of alternat-

ing spots; head marking of the last variety partly or not at

all developed; southern Indiana.

—

Lampropeltis triagulum

syspila (Cope)—MILK SNAKE.
Z6. Pattern of red, white, or yellow, and black rings, only the

black and red ones entirely encircling the body; yellow bands

not in contact with red; reported from Kentucky and very

possibly found in extreme southern Indiana.

—

Lampropeltis

elapsoides elapsoides (Holbrook)—RED KING SNAKE.

Notes to Synopsis of Snakes. The characters for identifying the

poisonous snakes are given in condensed form. The rattlesnakes can

be confused with no harmless snakes but unfortunately the others can.

The copperhead is most frequently confused with the hog nosed

snake. This harmless reptile is really very different from the copper-

head, however. It never has hourglass-shaped bands but squared spots

arranged checker-board fashion. There is more reason to confuse the

copperhead with some of the water snakes, but his flat, wide head and
usual habitat should easily distinguish him. The water snakes have long

heads, never very broad or much flattened.

The cottonmouth can easily be mistaken for some of the water
snakes, but here again the extreme level, flatness of the top of the head
and its acute angle with the side of the head distinguishes him.

The coral snake has a small, narrow head and is easily confused

with the red king snake. However, the coral snake has broad black and
broad red bands, narrowly separated by fine yellow bands, while the king
snake's light yellow bands do not come in contact with the red, being
edged with black.

Turtles.

Al. Shell soft and leathery; snout elongate.

Bl. Anterior border of "shell" with conical spine-like tubercles; light

head-streaks uniting on end of snout, at base of proboscis.

—

Amyda spinifera (Le Sueur)—SOFT-SHELL TURTLE, FLAP-
JACK.

B2. Anterior border of "shell" without conical tubercles.

—

Amyda
mutica (Le Sueur)—SOFT-SHELL TURTLE, LEATHER TUR-
TLE.

A2. Shell hard and calcareous.

CI. Tail long with a row of prominent tubercles along its upper edge.
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Dl. Eyes close together; head covered with soft skin; throughout

the state; in ponds and streams.

—

Chelydra serpentina (Linne)

—SNAPPING TURTLE.
D2. Eyes distant, lateral; head very large, covered with smooth,

symmetrical plates; size large, up to 40 inches or more; a fero-

cious and dangerous reptile; in larger rivers; a southern spe-

cies; found rarely northward into the Wabash.

—

Macrochelys

temminckii (Holbrook)—ALLIGATOR SNAPPER.
C2. Tail short, excepting in young of some species; without promi-

nent tubercles above.

El. Under shell with 9 to 11 plates; margin of upper shell not flar-

ing but turned downwards.

Fl. Under shell narrow, its posterior lobe not more than half

width of upper shell; two lobes of under shell little movable,

not capable of closing shell
;
probably throughout most of the

ponds and streams of the state.

—

Sternotherus odoratus

(Latreille)—MUSK TURTLE, STINKPOT.
F2. Under shell wider; posterior lobe considerably wider than

half the upper shell ; both lobes hinged and capable of closing

the shell; probably throughout the state.

—

Kinosternon subru-

brum (Lacepede) 7—MUD TURTLE.
E2. Under shell with 12 plates; edges of shell more or less flaring.

Gl. Under shell without hinge, immovably joined to carapace.

HI. Red markings around edge of shell; common throughout

the state in ponds.

—

Chrysemys marginata marginata
(Agassiz)—WESTERN PAINTED TURTLE.

H2. Black with small round yellow spots on shell; northern In-

diana, in ponds.

—

Clemmys guttata (Schneider)—SPOT-
TED TURTLE.

H3. Brownish, legs reddish to brown; each plate of the upper
shell deeply sculptured with concentric striae to form an
elevation; in dry or damp woods; a terrestrial species;

young with shell rather flat and little sculptured and the

tail nearly the length of the body; not recorded from Indi-

ana but perhaps occurring in the northern part of the state.

—Clemmys insculpta (Le Conte)—WOOD TURTLE.
H4. Not as under HI, H2, and H3.

11. Head covered with soft skin.

Jl. A triangular yellowish spot back of eye; middle series

of plates on carapace scarcely serrated; common in all

waters of Indiana.

—

Grapteviys geographica (Le Sueur)
—GEOGRAPHIC TURTLE.

J2. A transverse crescent back of eye; middle series of

dorsal plates distinctly serrated; occasional in Indiana.—Graptemys pseudogeographica pseudogeographica
(Gray)—LE SUEUR'S TURTLE.

12. Top of head with thin, hard skin; genus Pseudemys;
several species doubtfully recorded from Indiana and all

specimens should be carefully preserved.

7 Kinosternon pensilvanicum (Gmelin) of authors.
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Kl. Edges of both jaws smooth.

LI. An elongate red patch behind eye; southeastern In-

diana.

—

Pseudemys elegans (Wied)—CUMBER-
LAND TURTLE.

L2. Head without red marking; reported from Wheat-
land.

—

Pseudemys troostii (Holbrook)—YELLOW
BELLIED TURTLE.

K2. Lower jaw serrated; shell wrinkled at sides; no red

spot on side of head; reported on insufficient evidence

from Mt. Carmel, Illinois; very doubtfully in Indiana.
—Pseudemys concinna (LeConte).

G2. Under shell with a movable transverse hinge across its mid-

dle; a movable cartilaginous lateral suture uniting under and

upper shells.

Ml. Shell depressed; under shell emarginate behind; toes well

webbed; northern lake region of Indiana, in ponds.

—

Emys
blandingii (Holbrook)—BLANDING'S TURTLE.

M2. Shell elevated (except in young) ; under shell rounded or

truncate behind; toes scarcely webbed; terrestrial, in dry

woods.

Nl. Shell with traces of a keel; common.

—

Terrapene Caro-

lina Carolina (Linne)—BOX TURTLE.
N2. Shell with no traces of a keel; flat above; occasional.

—

Terrapene ornata (Agassiz)—ORNAMENTED BOX
TURTLE.

Notes Regarding Preserving Amphibians and Reptiles.

For accurate identification and reliable locality records it is usually

necessary to preserve specimens of amphibians and reptiles. A concise

locality tag should accompany each specimen or group of specimens from

a single locality.

Amphibians are best killed in 25 to 40 per cent alcohol. Soon after,

the specimens should be placed in 60 to 70 per cent alcohol, the larger

ones with a small slit in the abdomen to allow the fluid to penetrate.

After a week or so, when the alcohol has weakened considerably, they

should be put in fresh permanent fluid of about 65 per cent.

Small lizards are injected with strong alcohol in the abdomen and
placed in about 75 per cent alcohol.

Snakes should be injected with strong alcohol at several points along

the abdomen and into the base of the tail, care being taken not to injure

the penis in male specimens, as this is valuable in taxonomic work.

Permanently preserved in 75 per cent.

Turtles should be injected into the body cavity, into the bases of

all four limbs and into the head. Preserved in 75 per cent.

Formalin (formaldehyde) may be used but it is not nearly as

satisfactory as alcohol.
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A NEGLECTED FACTOR IN PROSTHESIS. 1

Edward N. Canis, Indianapolis.

My serious attention to artificial full dentures was first attracted

about 26 years ago under circumstances that created in me a deep-seated

prejudice against their use.

Changes in the vocations of several edentulous (toothless) persons,

with whom I was at that time intimately associated, presented some as-

pects that led me to investigate the influence of their artificial dentures

upon their speech, both subjective and objective, with the result that I

became convinced that in these cases the use of artificial dentures inter-

fered not only with their objective speech—enunciation and pronuncia-

tion—but with definite subjective processes.

Since then I have had opportunity to study the psychic effect of

artificial dentures in a number of persons ranging from early middle

age to extreme old age, in several instances having the cases under per-

sonal observation during a quarter of a century.

An examination of dental literature, with reference to the psychol-

ogic phases involved in full denture prosthetic service, shows that the

discussions have concerned themselves mainly with the following:

Convincing the edentulous patient of the practicability of artificial

full dentures; and the desirability, and perhaps, in a few instances, the

necessity of their adoption.

Securing the patient's confidence in the operator in regard to the

latter's professional ability and honor.

Establishing and maintaining an intelligent spirit of co-operation

on the part of the patient.

Suggesting the advisability of obtaining opinions from relatives and
friends in matters touching the esthetic values in the selected dentures.

Developing the patient's confidence in himself, and suggesting meth-
ods of instruction for the retention and the use of the dentures.

Considering matters relating to fees, disposition of old dentures,

future adjustments of the new dentures, etc.

And, lastly, in a few paragraphs here and there, indicating the pos-

sible effect of artificial dentures on the enunciation and the pronunciation

of the patient's words—a treatment merely objective.

It will readily be seen that the psychologic complex presented in the

foregoing is an intricate one, and that the problems which arise under
this analysis require for their solution professional relationships.

My observaton and investigation, however, lead me to conclude that

there exist many cases of subjective speech interference as the result

of wearing artificial full dentures; and inasmuch as the solution of this

problem has so far almost entirely been left to the patient, it may be

pardonable for a layman to call attention to the existence of the problem.

1 Abstract of a paper entitled "The Psychologic Complex in Full Denture Service

—

From the Viewpoint of a Layman, with Special Reference to a Neglected Factor", read
by invitation before the Indianapolis Society of Prosthetic Dentistry. The helpful criti-

cism of the secretary of the Society, Dr. Chester Miller, is hereby acknowledged.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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In both laughter and speech the characteristic physical condition

is that of relaxation; but this is just the opposite of the condition of

the speech muscles during the prehension, the mastication and the deglu-

tition of food. It is important to bear this fact in mind in connection

with the use of full artificial dentures, as the requirement of undue ten-

sion or constriction on the part of any portion of the speech musculature

for the retention of the dentures, although not materially affecting the

primary use of these muscles, may however result, not only in the restric-

tion of normal laughter, but may promote disturbances of the brain cen-

ters concerned with the motor images of speech; and the prosthetist,

by changing the manner in which any part of the speech musculature

performs its functions, may produce a corresponding change in the

cerebral reaction in relation to silent speech—the peculiar phenomena
associated with verbal thought, and which is so strikingly characteristic

of the motor image type of mind.

The problems arising in prosthetic dentistry are being studied in

the light of many sciences. I have been unable to find any literature

dealing with the effect of artificial dentures on the subjective phases of

speech, and therefore the view presented may be considered uncommon.
This view may be summarized as follows:

Laughter and speech are purely human characteristics, and both

require for their normal functioning conditions of ease and relaxation.

Speech is not a mere matter of enunciation and pronunciation, but

is primarily a psychologic process.

Thought and speech are concomitant in their origin and develop-

ment; according to some authorities they are inter-dependent in their

manifestation or exercise.

The organs and muscles used by man in the prehension, the masti-

cation and the deglutition of food are all more or less involved in laugh-

ter and speech.

The tongue and the muscles of the mouth and throat are exercised

more intensively and extensively in connection with laughter and speech

than for any other purpose.

Whatever interferes with the freedom of the tongue and the muscles

of the mouth and throat will interfere with laughter and speech.

An interference with the freedom of laughter in some cases may
result in serious consequences to the health of the individual, affecting

both his physical and mental welfare.

An interference with the normal action of the organs and muscula-

ture of speech may in some cases prove detrimental to the correspond-

ing psychic processes.

Artificial full dentures, in their retention and manipulation, fre-

quently involve an unnatural use, always a new use, of the tongue and
the muscles of the mouth and throat, thus at times restricting and con-

stricting the musculature of laughter and speech and interfering with

their proper functioning.

Although the foregoing is concerned only with artificial full den-

tures, it is clear that whatever applies to them will apply to partial den-

tures to the degree in which they interfere with the freedom of these

musculatures.
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The whole subject presents an interesting problem, requiring for

its solution the collaboration of the dentist, the speech specialist and

the psychologist. Many edentulous persons provided with artificial full

dentures are not using them to the extent intended by the dentist. Some
use them at meals only; others never wear them during sleep, and still

others wear them only in public.

Man no longer tears with his teeth the meat he eats; he no longer

gnaws the bones. With the knife and the fork he performs the first

function for his teeth, and as a substitute for the second, the economic

housewife scrapes the bones for the mysterious but wonderful dish of

her culinary art. The fibres of roots and herbs are softened by cooking,

stewing and baking; and the palatable parts of the nuts and fruits

that man eats reach his table in a form that makes prehension and com-
minution easy and pleasing. The powerful jaw of aboriginal man is no
longer in demand.

Although the primary use of the mouth and the associated organs
is for the prehension and the mastication of food, it must be evident to

the unbiased mind that now more than ever in the history of mankind
these organs are dominated by the function of speech. This is the

teaching of biology, and it accords with our every-day practical ex-

perience.

Everything should therefore be clone to conserve for each individual

this power of speech, for in addition to its use is the communication of

thought it is frequently a necessary factor in its creation.
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OPPORTUNITIES IN ENTOMOLOGY.

J. J. Davis, Purdue University.

Increasing interest in insect study has brought forth many inquiries

relative to the opportunities in this important field. For this and other

reasons a summary account is presented for those who may find pleasure

or profit in the study of insects. The opportunities are limitless for the

individual who finds pleasure in the study, for the person who is inter-

ested because of the relation of insects to his vocation and to the one

who wishes to take up entomology as a vocation.

To me the study of insects is a satisfaction. It is satisfying because

it provides a financial reward comparable with the other sciences, satisfy-

ing because it is a pleasing and interesting study with a never-ending-

variety of problems to be solved, and satisfying because it is a worth-

while service to mankind. I recall my personal reaction soon after

leaving college. Being more conscientious than at present I failed to

see during my first year of work, a service comparable with my salary,

meager as it was. I had studied the corn root aphis, the white grub,

and other insects and learned much of their life histories and habits

and while I had enjoyed the work I could not but wonder if it was
right to receive a salary from public funds for a work which was of

no apparent value to the public. However, after several years of

work, I saw the efforts of my studies on these insects utilized in develop-

ing control methods which saved hundreds of thousands of dollars for

the farmers of the central west and I then realized that although we
might spend years on the study of a single harmful insect the results

would usually pay several hundred times the initial cost of the investiga-

tions.

We commonly think of entomology as a branch of agriculture be-

cause its economic phases do relate largely to agriculture. Dr. S. A.

Forbes is authority for the statement that agricultural entomology is

largely agricultural and but slightly entomological. Entomology is a

broad subject touching every phase of human life. Aside from the im-

portance of insects as destructive to crops and animals, they are of

vast importance as pollenizers for commercial crops, and are important

to the housewife, to the manufacturer, business man, and above all to

the entire world because of their significant relation to human disease.

Entomology has an intimate relation to every branch of agriculture.

We commonly think of entomology as economic or applied and to

be sure this is true although as a pastime or hobby it is second to none

and is so recognized by hundreds of men and women. To recognize the

opportunities in entomology we should understand its problems.

Branches of entomology include taxonomy, morphology, physiology,

bionomics, and economics. However, from the standpoint of organiza-

tion or service we might for convenience divide it into four groups as

follows

:

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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Teaching. The training of students in entomology as a vocation or

as an important part of their agricultural, medical, or scientific training.

Investigation. Includes research of all kinds in the pure or applied

science of entomology.

Extension. Application of the results of research.

Regulatory. The enforcement of nursery and apiary laws and the

application of quarantines.

A fifth activity which is distinct from any of the above because it

includes some of each, might be called Insect Suppression. By this term
we refer to the local infestations which may spread to new areas. The
common examples are the various introduced insect pests such as the

European corn borer and the Japanese beetle which have a restricted

range at present and are of sufficient importance to call for every pos-

sible effort to prevent spread to new territory.

Opportunities. It is unnecessary to speak of the opportunities for

the man who selects insect study as a pastime. He has an inexhaustible

field which is unexcelled for variety and interest.

For the farmer or physician the field is both interesting and im-

portant and for them a good knowledge of insect life is of great im-

portance, increasingly so as we learn more and more of the interrela-

tions between plants, animals, humans, and insects.

To the man who seeks entomology as a vocation, it may be said that

there is an increasing demand for persons well trained in entomology.

There is a field for almost every type of man who finds pleasure in the

subject, who has had the necessary training, and who has the energy

to fulfill the exacting demands.

For convenience we may divide the vocations in entomology into

two fields, the commercial and the professional or public service.

Professional Field. By far the majority of entomologists are now
in public service. The Bureau of Entomology of the U. S. Department
of Agriculture employs hundreds of men most of whom are investiga-

tors, studying the important interstate insect problems in co-operation

with the various state organizations. The federal government also em-
ploys many men for service as quarantine officers at the various entry

ports and at interstate quarantine stations. The Canadian Department
of Agriculture employs similar services.

The state agricultural experiment stations and occasionally other

state organizations require the services of large numbers of trained

entomologists for investigational work. The state extension depart-

ments likewise employ large numbers of entomologists to carry the work
to the citizens of their respective states.

The principal educational institutions of the country, especially the

agricultural colleges, are constantly in need of highly trained entomol-

ogists for instructional work. Here again there is a demand for men
especially fitted in practical as well as in the highly technical phases

of entomological work.
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The regulatory service in the various states calls for additional

men. This service is sometimes connected with the state departments

of agriculture, or with the state experiment station, and sometimes with

other state organizations, as in Indiana, where the regulatory work is

vested in the State Conservation Commission.

In addition to the opportunities referred to there is an increasing

demand for entomologists for city and state boards of health, park com-

missions, and the like. Likewise there is a call for insect curators in

the large museums of the country.

All of the above services, with the possible exception of the regula-

tory work, call for highly trained men and as will be noted the variety

of service and the problems in entomology vary from the very practical

to those of highest technicality.

Commercial Field. Within the past few years the demand for

entomologists in the commercial field has been noticeable and there has

been an increasing tendency toward the employment of men with

entomological training by commercial concerns such as insecticide com-

panies, spray machinery manufacturers, large co-operative agricultural

associations and similar organizations. Likewise there is an increasing

field for independent commercial enterprises involving mainly entomol-

ogical training, and these include consulting entomologists, tree surgery

and spraying. In some instances individual orchardists have found it

worthwhile to employ men with special entomological training to handle

their spraying operations.

In addition we have recognized the almost limitless opportunities

for the beekeeper, both the large commercial honey producer and the

beekeeper who utilizes his bees as a side line to fruit growing or

poultry production or as an aid to fruit growing.

For the person who wishes to have a contact with foreign countries

there is again an opportunity in the field of entomology, as collectors

for individuals, museums, or commercial entomological concerns and as

investigators for the U. S. Department of Agriculture.

Certainly the field in entomology is far-reaching almost beyond
imagination.

Requirements. The saying of Agassiz "Learn something of every-

thing and everything of something" is certainly true for the entomol-

ogist. Because entomology touches so varied a field of activities a broad,

general undergraduate training is highly desirable. Probably no college

curriculum offers better training for the prospective entomologist than
that given by our standard agricultural colleges. This is important not

entirely because entomology is largely agricultural but also because

general farm practices will play an increasingly important part in

insect control and consequently a fundamental knowledge of agricul-

ture will be of immeasurable importance to the future economic entomol-

ogist.

Aside from a good foundation in agriculture the entomologist should

have a good knowledge of the biological sciences and especially a good
working knowledge of chemistry. There is at present an unlimited field
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for the entomological chemist,—one who has a good chemical training

and understands insect life. I would also emphasize the great value of

mathematics and English, especially the latter, for the entomologist who
has the ability to write and speak authoritatively, intelligently and con-

vincingly will advance to the top of the profession.

Because of the need of a good foundation it is usually necessary,

and certainly advisable, for one who contemplates entomology as a pro-

fession to secure his fundamental training in his undergraduate work
and to anticipate graduate work for specialization.

In conclusion may I repeat that there is a big field for the entomol-

ogist and that he who enjoys nature will find satisfaction in the study

of insect life as a vocation.

May I also venture to suggest the value of insect study as an avoca-

tion or as a part of one's training for agriculture. 1, A study of insects

develops an understanding of insect life and of the fundamental princi-

ples of insect control which are often little recognized but are never-

theless essential factors for the successful and practical handling of

insect problems. Information is available to those who request it but

to understand why such recommendations are made is a fundamental fac-

tor in successful insect control. 2, Entomology trains the student in an

appreciation of the importance of care, thoroughness, and accuracy and

to that extent is a character-building subject. It develops the elements

of character which contribute towards success. 3, It develops observa-

tional and deductive powers; an understanding of cause and effect. 4,

Increases an appreciation of the importance of obscure or less evident

factors influencing success in the growing of plants or breeding of

animals. 5, Enlarges one's interest in the varied and interesting animal

life in nature and emphasizes the importance of these small animals

to human existence. 6, Entomology gives a knowledge which enables one

to better understand the methods of insect control and thus minimize

the huge losses which now result from chinch bugs, army worms, grass-

hoppers, Hessian fly, San Jose scale, codling moth, white grubs, cut-

worms, and the host of other destructive insects. On the other hand
it teaches the value of the myriad of insects which tend to hold in check

the destructive forms; of those which produce valuable products, and

of those which are so important in pollinating our fruit and vegetable

flowers.



Insects of Indiana, 1925 303

INSECTS OF INDIANA FOR 1925.

J. J. Davis, Purdue University.

The prediction of insect troubles must be considered an important

routine of the economic entomologist's office of the future. The basis

for predictions will be our knowledge of the insects and their relation

to climatic and other conditions. Our information must necessarily be

based in part on past performances of insects. We believe an annual

written history of the insects of the season correlated with weather

and other factors will be of greatest use in the future for predicting

insect problems. With this object in mind we plan to submit annually

a history of insect problems of the year. Obviously it is impossible to

include all insects observed and our comments will be confined largely

to those of economic importance and those of unusual occurrence.

Each year brings forth new problems in entomology. Sudden out-

breaks of this or that insect may occur which may be due to weather

conditions which interfere with the normal food supply, as in the case

of the meadow plant bug, which normally feeds in pastures and other

grasses. Thus, in 1925, due to the dry weather and subsequent early

drying up of grasses, this insect entered grain fields and damaged wheat

in some localities. Weather conditions or other factors may interfere with

the normal activity of the natural enemies which usually tend to hold the

insect in check. Usually insects gradually increase from year to year

until a maximum is reached and then there is a decrease, due to the

activity of natural enemies, until the minimum is reached. Except for

favorable or unfavorable weather conditions we might expect this rise

and fall in abundance to be quite regular.

Weather Conditions. Climatic factors play a significant role in the

prevalence or absence of insects, either as a direct influence or by affect-

ing the natural enemies which normally hold insects in check.

March, which may be considered the earliest month for insect ac-

tivity, was unusually warm and sunshiny, with normal precipitation.

At the close of the month the season was about a week in advance of

the normal. During April the temperatures were unusually high and
precipitation below normal. The advanced season was noticeably re-

flected by the earlier than normal activity of insect life. During the

month of May the temperatures were noticeably below normal, although

higher than in 1924, and precipitation was unusually light. The fol-

lowing month, June, warm weather, above normal, prevailed, and the

dry weather of late May continued for a week in June, although the

average for the month was normal. The average temperature and
precipitation for July was approximately normal although the first

half was abnormally warm and the last half unusually cool, with irregu-

lar distribution of rain. August was also near normal, although the

distribution of rainfall was quite irregular. The month of September
was unusually warm and there was also an excess of moisture. October

was cold, cloudy and very wet with little sunshine, interfering greatly

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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table 1. comparative|monthly|weather data for indiana

Month

Temperature

State

Mean

Departure

from

Normal

°F

Precipitation

State

Average

Ins.

Departure

from

Normal

Ins.

Number of Days

Clear Partly

Cloudy

Cloudy

March Normal

March, 1925

April Normal

April, 1925

May Normal

May, 1925

June Normal

June, 1925

July Normal

July, 1925

August Normal . .

.

August, 1925

September Normal

September, 1925 . .

October Normal .

.

October, 1925 ... .

November Normal

November, 1925.

.

40.

43.

51.

57.

62

58.

71.

74.

75.

74.

73.

73.

66.

72.9

54.6

47.0

42.1

40.2

3.8

+3.0

2.0

+5.6
2.7

-4.1

2.2

+3.2

1.7

-0.9

+6.

3.73

3.33

3.47

2.26

4.12

1.32

3.84

3.81

3.45

4.27

3.26

2.50

3.00

5.22

2.70

3.80

3.06

4.48

1.57

-0.40

1.23

-1.21

1.04

-2.80

0.95

-0.03

1.11

+0.82

1.00

-0.76

0.96

+2.22

1.20

+ 1.10

1.14

+1.42

with the seeding of wheat. November was near normal, temperatures

being slightly lower and with slight increase in precipitation.

In general the weather conditions in 1925 were favorable to insect

life.

The writer is greatly indebted to H. F. Dietz, B. A. Porter, W. B.

Cartwright, and C. R. Cleveland for records.

CEPvEAL AND FOPvAGE INSECTS.

Grasshoppers (Melanoplus femur-rubrum De G. and M. clifferentialis

Thos.). In 1924 there was a noticeable increase in numbers, leading us

to predict increasing trouble in 1925. During July, 1925, grasshoppers

became noticeable by their injuries, reports coming in from all sections of

Indiana. First reports were received July 14 from Evansville. Reports

from all sections of the state soon followed. They were more abundant
than in 1924, the crops attacked including corn, clover, alfalfa, soy-

beans, vegetable crops, and flowering plants, especially chrysanthemums.
Reports continued to come in until after the first of September. Melano-
plus femur-rubrum was the predominant species although M. differen-

tialis was abundant in a few localities.

White grubs (Lachnosterna spp.) were destructive in most sections

of Indiana in 1924. Numerous reports were received in the spring of

1925, when they were observed as abundant in plowed fields. Because
of weather conditions which permitted the grubs, most of which changed
to beetles this year, to continue active for a longer period than usual
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in the third year, more injury was noted this season than might have

been anticipated. Lawns, sod fields, timothy, corn, wheat, strawberries

and tomatoes were crops reported injured. Reports of injury came from

LaPorte, St. Joseph, Jasper, Carroll, Randolph, Kosciusko, Hendricks,

Owen, and Jackson counties.

Hessian fly (Phytophaga destructor Say) did not do much damage
in the fall of 1924 although the early sown fields showed a moderately

heavy infestation. The first eggs of the spring brood were observed

at Lafayette April 11 in 1925. Toward wheat harvest fallen wheat,

indicative of fly infestation, was common. The fall generation began

to issue and lay eggs September 18 at Lafayette, this emergence follow-

ing rains of the previous week. Emergence was normal, eggs being ob-

served up to the fly-free date. However, later observations showed

larvae and flaxseeds only in wheat sown a week or ten days before the

fly-free elate. This was due to the cold weather following the fly-free

date, which apparently killed the eggs still on the leaves as well as the

younger larvae. Because of weather conditions which hindered wheat
sowing and the cold unfavorable conditions for the fly, there does not

seem to be a serious infestation in most sections of the state.

Chinch bug (Blissus leucopterus Say). Spring examinations showed

few bugs in the small grain and enabled us to predict no trouble for

1925. Dry weather from May to August was quite favorable for the

bugs and they increased to threatening numbers, especially in the north-

eastern part of the state where a small amount of damage was re-

ported. Favorable conditions have made it possible for the chinch bug
to increase during the season. Many bugs went into winter quarters

during September and in some sections of the state they are sufficiently

numerous to threaten outbreaks in 1926 unless unfavorable conditions

prevail in the spring of 1926.

Common army worm (Cirphis unipuncta Haw.). First adults were

noticed at Lafayette April 25 and the earliest reports of injury came
from Fulton County May 20, where the worms were reported abundant
in low-lying meadows. Other reports from central Indiana were re-

ceived during the last of May and first half of June, but infestations

were scattered and no general outbreak occurred.

Cutworms (Nociuidae) . Generally abundant throughout the state,

especially in the northern half, during May, no reports being received

after June 2. Corn, vegetable crops, and flower garden plants were more
often injured.

Billbugs {Sphenophorus zeae Walsh) were reported as infesting and
seriously damaging every hill in a 25-acre corn field at Miami. At the

time of the injury, May 18, the corn was one to two inches high. Bill-

bugs, (S. pcurvulus Gyll. and other species) were destructive (fig. 2) in

other isolated localities.

Wireworms (Elateridae) destroyed considerable corn in the bottom
lands at Orestes. This report was received May 21. Reports of damage
to corn (fig. 1) were also received from near Valparaiso.

Meadow plant bug (Miris dolobratus L.) was found in large numbers
May 29 in wheat fields near Lafayette. At that time the wheat heads
were just forming and the bugs were beginning to feed on the developing

20—35508
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Fig. 1—Corn plant injured by wireworm (Melanotics sp.). Note dead central shoot

and cavity near base of plant eaten by wireworm. At right, enlarged view showing-

cavity.

heads. Previously they had attacked the foliage giving it a conspicuous

spotted appearance (fig. 3). This species is typically grass-infesting and
we have seen no records of its injury to wheat. The infestation in the

wheat was apparently the result of the continued drought which caused

the pasture grass, the natural host, to dry up, forcing the insect to

migrate to the wheat fields nearby.

Corn ear worm (Heliothus obsoleta Fab.) was more abundant than

any year since 1921, being destructive throughout the state. Serious

to sweet corn in southwestern Indiana and in Miami County. Most of

the sweet corn, however, especially canning corn, was harvested before

the ear worm became abundant. Considerable late injury to field

corn occurred throughout the state. Tomatoes were damaged in the

southwestern section of the state and reports of injury to gladiolus buds

were received from Indianapolis. Heavy flights of moths were observed

in different parts of the state September 13 to 16.

Common stalk borer (Papaipema nitela Gn.) was unusually abun-

dant, reports of injury being received from Blackford, Cass, Clinton,

Daviess, Dekalb, Delaware, Franklin, Hamilton, Hancock, Hendricks,

Howard, Jay, LaPorte, Lawrence, Madison, Marshall, Parks, Shelby,

Tippecanoe, Tipton, Union, Wabash, Warren, Wayne, Wells, White and

Whitley counties. The first reports were received May 29 and were

most numerous during June and early July, although injury was reported
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Fig. 2—The bill bug (SpfoetKyphwus parvulus Gyll.) punctures the unfolding leaves

of corn plants, causing a deformed and worthless plant. Nearly natural size.

Fig. 3—Injury to wheat by a common meadow plant bug (Miris dolobratus L.).

Note whitened areas resulting from removal of cell juices. About */•> natural size.

as late as August 4. The injury was principally to corn although fre-

quent reports of injury to mint, wheat, oats, tomatoes, potatoes and

flower garden plants, especially dahlias, were received.

European corn borer (Pyrausta nubilalis Hbn.) is not known to oc-

cur in Indiana. It is gradually spreading westward and is about 25

miles from the Indiana state line in the northeastern corner of the

^tate. We may anticipate a continued slow spread and, with the effec-

tive quarantines by the federal government to prevent artificial carriage,

we may hope that the pest will not reach Indiana for two or three years.

The Purdue Agricultural Experiment Station is attempting to introduce

and acclimatize one of the European parasites (Habrobracon brevicornis)

in Indiana on the common smartweed borer, in hopes of having this

parasite on hand when the borer enters our state.

Clover root curculio (Sitones hispidulus Fab.) was reported doing-

considerable damage to soybeans June 17 in Clinton County. This beetle

is usually destructive to soybeans following spring-plowed clover sod.
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Because clover was in poor condition this spring, many fields were plowed

under and planted to soybeans and it was supposed that considerable in-

jury would result. Although no reports with specimens were received,

other than the one referred to above, there is evidence that more than

the usual damage occurred in central Indiana.

Clover leaf weevil (Hypera punctata Fab.) was observed working
in clover fields at Lafayette from early April, although no reports of

injury were received until April 23 from Aurora. The larvae had been

working heaviest according to the reporter, a week previous, and most
specimens submitted were full grown larvae or pupae. Additional re-

ports of injury to both alfalfa and clover were received during May
from central and southern, especially southeastern Indiana.

Clover hay worm (Hypsophygia costalis Fab.) reported abundant
and destructive to stored clover hay, July 20, at Hammond.

Pea aphid (Macrosiphum jrisi Kalt.) was first reported as abundant
in alfalfa fields from Adams, Stark and LaPorte counties in the northern

part of the state April 28. Later, reports were received from Elkhart,

Marshall, Grant and other counties in northern Indiana. From the

abundance of ladybird beetle larvae and parasites it was supposed the

aphids would soon be reduced to insignificant numbers. However, due

to continued cool weather, parasite activity was checked and by May 7

large spots in both alfalfa and clover fields were dying and in some cases

whole fields destroyed.

The cowpea aphid (Aphis medicaginis Koch) was destructive to cow-

peas during the first half of August in southwestern Indiana.

A common leafhopper (Draeculacephala mollipes Say) appeared in

large swarms at lights, September 17, in Anderson and Indianapolis,

according to Dietz.

VEGETABLE GARDEN INSECTS

Mexican bean beetle (EpUachna oorrwpta, Muls.) made its initial

appearance in Indiana in 1924 in five southeastern counties, namely

Harrison, Floyd, Clark, Jefferson and Switzerland, all bordering the

Ohio River. The spread in 1925 was rapid and conspicuous. It was
first reported from Harrison County June 24; Floyd and Clark, July 2;

Crawford, July 3; Washington, July 7; Dearborn, July 8; Ripley, July

9; Jennings and Scott, July 11; Orange, July 18; Monroe, July 20;

Fayette, July 22; Franklin and Jackson, August 22; Perry and Spencer,

August 29; Dubois and Martin, August 30; Henry and Wayne, Septem-

ber 21. Serious injury to garden beans resulted in all localities. Severe

injury by the second brood to canning beans was anticipated but did

not entirely materialize, apparently due to the unfavorable weather

conditions.

Whether or not the bean beetle will become a pest of soybeans is a

moot question. Injury to soybeans near heavily infested garden beans

was reported at Madison. Similar reports have been received from other

states. Evidence indicates it may seriously damage soybeans if allowed

to increase to large numbers on garden beans. Otherwise no trouble

to soybeans need be anticipated.
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Clover white grub adults (Colaspis brunnea Fab.) reported abundant

and damaging strawberry, melon, grape, snap beans, and soybeans

throughout southern Indiana during July.

Banded flea beetle (Systena taeniata Say). More abundant than

usual throughout state, injury being especially severe in northeastern

Indiana. In this section of the state, weeds grew rank last fall because

of the abundance of moisture. Although reports of injury to garden

plants was reported as early as April 11, authentic records of injury

by this species, based on an examination of specimens, were first re-

ceived May 21 and continued till June 15. Crops included corn, potatoes

and garden truck of all kinds. Corn was most generally and severely

injured.

Garden slugs (Agriolimax agrestis L.) were abundant and destruc-

tive to garden truck such as lettuce and cabbage in central and northern

Indiana. Reports were first received April 21 and continued at intervals

throughout the season.

Cabbage maggot (Hylemyia brassicae Bouche) was more abundant

and general than usual, attacking both cabbage and radish in northern

Indiana, reports coming in during May and later. Reports of heavy

infestations at Indianapolis and Union County were received, this being

very unusual for central Indiana.

Cabbage curculio {Geutorhynchus rapae Gyll.) was destructive to

cabbage in seed beds at Lafayette and Crawfordsville, early in May,

the first reports coming in May 1, at which time eggs and newly hatched

larvae were observed.

Cabbage aphid (Brevicoryne brassicae L.) was abundant in July

in various sections of central and northern Indiana.

Imported cabbage worm (Pontia rapae L.). Large numbers of the

butterflies were observed at Indianapolis April 12 by Dietz. Wealthy

apples and Cydonia japonica were just beginning to bloom. During the

first half of July reports of abundance of the worms were received from

all parts of the state.

Colorado potato beetle (Leptinotarsa decemlineata Say) . Normally

abundant. According to Dietz unusually abundant throughout south-

western Indiana.

Potato aphid. {Macrosiphum sokmifolii Ashm.) reported abundant

at Schererville in Lake County, July 12. Specimens not received and

therefore determination is not authentic.

Blister beetles, particularly the black blister beetle (Epicauta penn-

sylvanica DeG.), were abundant and damaging potatoes and other garden

crops during the period August 7 to 21. In some cases damage was
severe. Early in September many complaints of injury to aster flowers

were received. July 8 reports of injury to potato by the striped blister

beetle (E. vittata Fab.) were received from the southwestern corner of

the state.

Potato leaf hopper (Empoasca fabae Harr.) became abundant on

potatoes at Lafayette June 24, an unusually early date, apparently due

to hot, dry weather early in June. The insect remained prevalent and
continued to injure potatoes through July and August.
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Tortoise beetles (Cassidinae) . Larvae reported injuring sweet

potatoes at Cannelton July 1 and Vincennes July 7.

Onion thrips (Thrips tabaci L.) was unusually abundant in northern

Indiana, first reports coming in from northeastern Indiana June 16.

Onion maggot (Hylemyia antiqua Meig.) was abundant in some sec-

tions of northern Indiana, especially in the northeastern part. First

reports were received from Milford May 19. Reports were especially

common during last of June and the first half of July.

Striped cucumber beetle (Diabrotica vittata Fab.) was only nor-

mally abundant. First beetles were reported in cold frames in Knox
County, April 16. Seldom a year that this insect is not a serious pest

in all sections of Indiana.

Melon aphid (Aphis gossypii Glov.). Many reports of abundance

and injury to melon and cucumber from all parts of the state the first

half of July and continuing through August.

Spinach leaf-miner (Pegomyia hyoscyami Panz.). Severely damaged
spinach and chard during May at Elkhart.

Asparagus beetle (Crioceris asparagi L.). Normally abundant and

destructive in central and northern Indiana, first reports being received

May 17.

Squash vine borer (Mclittia satyriniformis Hbn.). Reports of injury

more numerous than usual, all coming during last of July and early

August and from the northern half of the state.

A myriopod was reported damaging ripening strawberries at Wina-
mac May 29 and Lebanon August 14. Injury to a variety of garden

crops was reported during July from several widely separated sections

of the state.

Green peach aphid (Myzus persicae Sulz.). A heavy invasion of

winged migrants occurred on tomato at Lafayette beginning June 27 and
lasting for a week or ten days. Wingless progeny began to develop but

heavy rains early in July checked the increase. However, as a result

of the invasion, mosaic spread extensively throughout the fields, the

disease symptoms appearing about two weeks after the greatest abun-

dance of migrants.

The tomato and tobacco worms (Protoparc sexta Johan. and P. quin-

quemaculata Haw.) were normally abundant,

Strawberry leaf roller (Ancyiis comptana Frohl.) damaged straw-

berries during July in the strawberry section near Borden. This insect

is generally prevalent and destructive throughout the state.

Cabbage aphid {Aphis brassicae L.) was abundant as usual.

False cabbage aphid (Aphis pseudobrassicae Davis) was abundant
as usual on late turnips.

Agonoderus pallipes Fab. was reported from Garrett, August 4.

with the information that the beetles were feeding on the roots of

cucumbers. Whether or not this beetle was really responsible for the

initial injury could not be determined.

Garden slug (Limax sp.) was abundant in many sections of the

state, damaging garden crops and also annoying in cellars.

Egg plant lace bug (Gargaphia sohnii Heid.) damaged egg plants

at Evansville, August 6.
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Fungus gnat larvae (Sciara sp.) were destructive to small tomato

seedlings at Jasonville, February 9.

An unusual injury was reported from Bloomfield, May 2, May
beetles being reported as damaging truck crops. Full details were not

received.

FRUIT INSECTS

San Jose scale (Aspidiotus pemiciosus Comst.). The fall conditions

in 1924 permitted scale to increase noticeably but the following winter

the low temperature resulted in a high mortality. Porter's counts

at Vincennes showed a 61 to 81 per cent mortality. In an orchard where

the mortality was 28 per cent for the winter of 1922-23 and 57 per cent

1923-24, it was 79 per cent the past winter (1924-25). Even where a

good control by spraying was obtained the past winter the infestations

are again serious this fall, calling for prompt and thorough treatments

on the part of the orchardists. While severe infestations have been

largely confined to southern Indiana the past four years, at present the

scale is increasing as a serious problem in central Indiana. In 1925

Porter observed the first crawlers at Vincennes, May 20, which was 7 to

10 days ahead of normal and 20 days ahead of 1924. Second brood

crawlers began appearing about July 12 at Vincennes. The unseason-

ably hot weather in early June, when the first brood of crawlers were
appearing, apparently permitted the insect to increase much faster than

normally.

Scurfy scale (Chionaspis furfwa Fitch) has been very abundant
on apple throughout the state in orchards which are only occasionally

or not at all sprayed during the dormant season.

Oyster shell scale (Lepidosaphes uhni L.). According to Dietz the

light brown form began hatching at Indianapolis April 22 to 26 which
was the earliest since 1922, when hatching began April 24. Last year

(1924) the first young (fig. 4) were observed May 16 and hatching

continued until June 1. At Lafayette the first young were observed

April 29. As in former years the oyster shell was a serious pest of lilac.

In orchards sprayed with a dormant spray the scale is of no importance

but rather abundant on improperly sprayed apple trees. This year the

oyster shell scale was spottedly abundant at Vincennes, which is farther

south than the usual range of destructivenss. Dietz also observed the

apple form in Greene County, which is farther south than the usual

range.

Apple aphids (Aphis pomi DeG., Anuraphis roseus Baker and
Rhopalosiphum prunifoliae Fitch). The first hatched aphids were ob-

served at Vincennes March 9, which was unusually early because of the

abnormally early spring. At no time during the year were they more
than moderately abundant and very little injury resulted.

Woolly apple aphid (Eriosoma lanigera Haus.) was abundant in

many sections of the state.

Apple red bug (Lygidea mendax Reut.) was not abundant in any
section of the state.

Codling moth (Carpocapsa pomonella L.). Most severe outbreak of

codling moth for several years, resulting in serious losses. Even in the
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Fig'. 4—Oyster shell scale (Lepidosaphes ulmi L.) on cornus. Note large mature

scales and the white specks representing the recently hatched and settled scales. About

1%X natural size.

well-sprayed orchards a noticeable amount of wormy fruit occurred.

Weather conditions were probably responsible for their abundance. Aside
from an early spring the second generation moths were out in greatest

abundance about June 20 (at Vincennes) when the weather was very
hot and dry and favorable for maximum oviposition and hatching.

According to Porter's records at Vincennes, the first moths appeared
in cages May 10 but the cool weather following delayed emergence of

the majority of moths several weeks. He observed the first brood larvae

leaving fruit as early as June 9. No definite break was observed between
the first and second brood of larvae.

Lesser apple worm (Laspeyresia ptrwnicora Walsh) was common but
not conspicuously destructive, in many sections of the state. Apparently
it is gradually increasing in numbers.

Apple maggot (Rhagoletis pomonella Walsh) seriously damaged ap-

ple fruit at Goshen, the report being received September 18.

Apple flea weevil (Orchestes pallicornis Say). Slightly more abun-

dant in southern Indiana than the previous year. Seems to be increasing.

Porter observed the first pupae May 7 at Vincennes and May 16 prac-

tically all larvae were full grown and a third had pupated. Most of the

weevils entered hibernation between July 10 and 15.

Buffalo tree hopper (Ceresa bubalus Fab.). Damage to apple, espe-

cially in young orchards, as a result of egg punctures by this insect, com-
mon throughout the state, but especially in northern Indiana. Injury

seems to predominate in orchards where alfalfa has been grown or the

orchard weedy the previous fall.
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Apple fruit chafer (Metachroma interruptum Say). This insect

made its first appearance as a pest of apple (fig. 5) in Indiana in 1922

Fig. 5—Apples characteristically eaten by a fruit chafer beetle {Metachroma inter-

ruptum Say)

.

or 1923 near Decker. Each year since then more or less injury has

resulted each season, but the pest does not seem to be extending its range

of activities nor increasing appreciably. This past year injury occurred

early in July.

Red-banded leaf roller (Eiilia velutinana Walk.). In moderate

numbers in apple orchards of southern Indiana. In one orchard at

Vincennes injury amounted to over 20 per cent of the fruit (fig. 6).

%-»,,

Fig. 6—Apples damaged by the red-banded leaf roller (Eulia velutiniana Walk.).

The apples are spread apart to show injury. Usually attacks where apples touch or

where leaf touches side of fruit. About natural size.
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Use of alfalfa as a cover crop in orchards apparently has the effect

of increasing the trouble from this insect.

Bud moth (Tmetocera oc&llana Schiff.). Dietz found this insect a

common pest of nursery stock in the southwestern part of the state.

Fall webworm (Hyphanhria cunea Drury) . Abundant on apple

and shade trees in most sections of the state. Quite common during

July in Martin County.

Yellow-necked apple caterpillar (Datana ministra Drury) was more
abundant than usual, frequently defoliating apple trees in central In-

diana. Injury occurred, according to reports received, from July 21

to August 27.

Red-humped caterpillar (Schizura concinna S. & A.) moderately

abundant in the southern half of the state. In most cases injury to

apple was reported. In one case to raspberry.

Tussock moth (Hemerocampa leucostigma S. & A.) defoliated small

plum trees at Union City.

Cecropia moth (Samia cecropia L.). Many specimens of the larva,

cocoon and moth of this insect were submitted. Apparently the insect

was conspicuously more abundant than usual. Only one definite re-

port of injury was received, that from near Lafayette where the cater-

pillars defoliated apple trees.

Leaf hoppers (Erythroneura obliqua Say and var. dorsalis Gill.)

were abundant in southern Indiana. Less abundant are the species

E. hartii Gill, (—maculata, var. maculata Gill.) and E. illinoienses Gill.

Determinations by Ackerman.
Plum curculio (Conotrachelus nenuphar Hbst.). Apparently in-

creasing in the state, especially in southern Indiana. Larvae began

leaving fruit at least as early as June 1 at Vincennes according to

Porter.

Tarnished plant bug (Lygus pratensis L.). Injury to apple, almost

certainly that of this plant bug, was received from the southern half

of the state. The injury resembles red bug injury. The "cat-facing"

of peaches, which is caused by this plant bug, continues to be a serious

problem to the peach growers of southwestern Indiana.

Shot-hole borer or fruit tree bark-beetle (Eccoptogaster rugulosus

Ratz.) continues as an important pest in many peach orchards of the

state but is noticeably less so than in 1924.

Peach tree borer (Synanthedon exitiosa Say) has always been an

important problem to peach growers. Practically all commercial grow-

ers now use the paradichlorobenzene treatment, which is practical in

every sense of the word. The home garden peach trees apparently

maintain a good supply of moths, making it necessary up to the present

for commercial growers to treat regularly each year.

Lesser peach tree borer (Synanthedon pictipes G. & R.) has in-

creased very noticeably the past year and there is a heavy infestation

reneraPy in southern Indiana.

Oriental fruit worm (Laspeyresia molesta Busck) was first dis-

covered by Porter last year (1924) in southwestern Indiana, the deter-

mination having been made from reared specimens. There is no further

positive evidence of its occurrence. However, from its actions in other
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sections of the United States we may anticipate its increase and spread

in Indiana in a few years and reckon it among the most serious peach

pests.

The peach twig borer (Anarsia lineatella Zell.) was moderately

abundant in southern Indiana. This species may easily be confused with

the oriental fruit worm injury to twigs.

Cotton leaf worm (Alabama argillacea Hbn.). Specimens of the

moth were collected at several places in central Indiana but no flights

or injury were observed. The caterpillar is not harmful in our state

but occasionally the moths fly into Indiana from the south and puncture

and injure ripening fruit, especially peaches (fig. 7).

Fig. 7—Cotton caterpillar moths (Alabama argillacea Hbn.) migrate northward in

the fall, usually arriving about the time peaches are ripening. They puncture tender

skinned fruits and suck the juices, causing a rot to develop. Slightly less than natural

size.
, |

Broad-winged tree cricket (Oecanthus latipennis Riley). Common
throughout Indiana, injuring peach by the numerous egg punctures.

Injury to raspberry also common.
Black cherry aphid (Myzus cerasi Fab.). Abundant and destructive

in spotted sections of the state.

Pear and cherry slug (Caliroa cerasi L.). Common in a few sec-

tions on pear and cherry but not nearly as generally abundant and de-

structive to either cherry or pear as in 1923 and 1924.

Grape leaf hopper (Erythroneura comes Say). Common in central

Indiana, becoming especially noticeable in July.

Six-spotted grape beetle (Pelichwta punctata L.). According to

Dietz, very abundant at Indianapolis July 25, damaging grapes.

Imported currant worm (Pteronidea tribesi Scop.). Usual abundance
in the state. Dietz observed eggs hatching April 27 at which time the
fruit was about the size of small peas or 10 days after blooming.

Currant aphid (Myzus ribis L.) was normally abundant.
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Gooseberry aphid (Aphis houghtonensis Troop) was moderately

abundant throughout the northern half of the state, although scarcely

as many inquiries as in 1924.

SHADE TREE AND SHRUB INSECTS.

Boxelder aphid (Periphyllus negandinis Thos.) was generally and
normally abundant. At Connersville they were reported as sufficiently

abundant April 25 to cause shedding of leaves.

Elm cockscomb galls (Colopha ulmicola Fitch) were abundant on

elm as usual, as were also aphids on rose, bridal wreath and maple.

Pine bark louse (Chermes pinicorticis Fitch) was reported very
abundant on pine at Spiceland April 19.

Maple phenococcus (Phenococcus acericola King) caused drying up
of maple foliage at Salem July 24. This insect is common every year

but seldom does noticeable damage.
Obscure scale (Chrysomphalus obscurus Comst.) was found to occur

abundantly on pecan in certain sections of southwestern Indiana by
Dietz.

Elm scurfy scale (Chionasjns americana Johns.) was very abundant
on elms in central Indiana and responsible for considerable injury to

young trees. Eggs were hatching at Lafayette April 30.

Pine leaf scale (Chionaspis pinifoliae Fitch) has been repeatedly

reported abundant and destructive throughout the state on pine and
spruce. Eggs were hatching at Lafayette April 30.

Tulip tree scale (Toumeyella liriodendri Gmel.) was abundant, as

usual, in the southern part of Indiana.

Cottony maple scale (Pulvinaria vitis L.) occurred more extensively

in the state and in many localities was more abundant than for a number
of years. It was conspicuous but not destructive in the extreme south

end of the state, reports coming from Vincennes and New Albany. This

extreme southern occurrence is very unusual the insect being typically

an inhabitant of the northern half of the state.

Boxelder plant bug (Leptocoris trivittatus Say) was more abundant

this fall than ever before observed. Numerous inquiries were received

from every section of the state, the first coming in July 21 and re-

ports continued to be received up to November 21. Injury to boxelder

trees was noticeable in many cases. However, the probable cause for

most inquiries was anxiety due to the conspicuousness of the red and

black or red bugs and to the annoyance as the bugs began to enter

houses in their search for winter quarters towards late fall.

Locust leaf-folder (Epargyreus tityrus Fab.) was destructive to

moss locust (Robinia hispida) at Evansville, June 16.

Forest tent caterpillar (Malacosoma disstra Hbn.) common in Mar-
tin County during July.

Bagworms (Thyridopteryx ephemeraeformis Haw.) were common in

the southern third of the state, occurring commonly on deciduous trees

as apple, maple, boxelder, pecan and plum but especially on conifers

such as cedar and arbor vitae. Especially destructive during the last

of June and July.
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Catalpa sphinx caterpillars (Geratomia catalpae Boisd.) not as

generally abundant as in 1924 but defoliating trees in a few isolated

localities, especially in southern sections of the state, during July.

White-marked tussock moth caterpillars (Hemerocampa leucostigma

S. & A.) defoliated plum trees at Union City during September. Ap-

parently less conspicuous than the year before as a shade tree pest.

Walnut caterpillar (Datana integerrima G. & R.) defoliated walnut

trees in central and southern Indiana the last of July and first half of

August.

Flat-headed borer (Chrysobotkris femorata Fab.) was normally

abundant throughout the state, especially in the northern half, causing

the death of many young hard maple trees. In a large commercial

eight-year-old apple orchard at Bloomington about 10 per cent of the

trees have been killed by this borer.

Bladder maple gall (Phyllocoptes quadripes Shim.) abundant dur-

ing June in central and south central Indiana.

Gouty vein gall (Dasyneura communis Felt.) was reported abundant
on hard maple at Washington, Ind., July 18. Galls had opened and
insects left. Have no previous record in the state.

Red spider (Tetranychus telarius L.) was common throughout the

state, seriously damaging trees, ornamentals and other plants. These

included evergreens of all kinds, such as cedar and Norway spruce

as well as bush honeysuckle, Buddlea, hydrangea, raspberry, hard and
soft maples, phlox, delphinium, columbine, sweet pea, aster, gladiolus,

bean, beets, watermelon, pumpkin and tomato. In many cases complete

defoliation resulted. Early reports were received the last of April

and continued through July. Especially noticeable the last of May
and early June, due no doubt to the hot dry weather preceding.

FLOWER GARDEN AND GREENHOUSE INSECTS.

Serpentine leaf-miner (Agoromyza pusilla Meig.) was destructive

to columbine (Aquilegia) at various places in central Indiana during
May.

Iris root borer (Macronoctua onusta Grt.) is an annual pest of

iris. Eggs began hatching at Indianapolis April 14, according to Dietz,

this being fully a month ahead of 1924. Injury was severe to iris

throughout the state, probably more so than usual.

Green fruit worms (Xylina spp.) have not been observed as a pest
of apples, its common host, the past season but Dietz observed them
feeding on rose buds at Indianapolis during May.

Thrips (Frankliniella tritici Fitch) injured gladiolus in an extensive
planting at Loogootee, the report being received June 18.

A beetle {Triohiotinus piger Fab.) was observed by Dietz early in

June damaging the flowers of hybrid perpetual roses. Dietz reports
that the beetles were apparently after the pollen but were ruining the
flowers in their attempts to get to the stamens.

Spotted cucumber beetle {Diabrotica 12-punctata Fab.) was exceed-
ingly abundant and damaging flowers of gladiolus, daisy, phlox and
zinnia at Indianapolis during July.
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White fly (Aleyrodes vaporaHorum Westw.) reported abundant on

coleus and other house plants during July in various sections of the

state.

The phlox plant bug (Lopidea sp.) caused considerable damage to

phlox in Evansville nurseries during July.

Rose curculio (Rhynchites bicolor Fab.) injured Rosa rugosa at

Indianapolis and West Baden the latter part of June.

Rose slugs (species?) were common in a few localities according

to letters received.

Rose aphids attacking flowering plants were apparently general

and moderately destructive in most parts of Indiana as in former years.

The corn root aphis (Aphis maidiradicis Forbes) and the white floccu-

lent species (probably Prociphilus erigeronensis Thos.) were commonly
attacking aster. The latter species also attacked various other flowering

plants. November 17 reports were received of serious injury to sweet

peas in a greenhouse at Jeffersonville.

The nasturtium aphis (Aphis nimicis L.) was reported destructive

to nasturtiums in various sections of the state, for instance, at Bloom-

ington May 20, Frankfort July 8, LaGrange August 18.

STORED PRODUCTS.

Angoumois grain moths (Sitotroga eerealella Oliv.) was reported

in a few cases damaging stored seed corn. No reports of injury to wheat
in the field or shock have come in from southern Indiana where such

injury was prevalent in 1924.

Indian weevil moth (Plodia interpunctella Hbn.) was reported dam-
aging peanuts and flour in storage at Fort Wayne and South Bend.

ANIMAL AND HUMAN PESTS.

Rose chafer (Macrodactylus subspinosus Fab.). For several years

the rose chafer has been a serious pest in isolated areas throughout the

state. They commonly attack garden beans, corn, mulberry, locust, curly

dock and a number of shrubs, as well as the fruit of cherry, peach, grape

and plum. Probably more important is the loss to young poultry from
eating beetles which contain a toxic material fatal to chicks under six

weeks old. Reports of trouble of this nature was first reported the

past year from Corydon on May 18, West Baden May 22, Evansville May
23, St. Anthony May 24, Freemont May 25, Princeton May 27, Spencer

May 29 and Springville June 4.

In the northern part of the state less injury to chicks but serious

to crops the first part of June.

Chiggers (Trombiculu irritans Riley) normally abundant in south-

ern half of Indiana being especially noticeable in July. In some sec-

tions usually abundant in grass and shrubbery.

Ox warble (Hypoderma lineatum DeVill.) was common throughout

the state as usual. Reports of dockage at markets on botty cattle indi-

cate considerably more importance than generally supposed.

Sheep tick (Melophagns ovinus L.) was reported as heavily infest-

ing sheep during March and April in south and central Indiana.



Insects of Indiana, 1925 319

Horn fly (Haematobia inritans L.) not abundant early in season

owing to long drought in late May and early June. Rains apparently

brought about an abundance of the flies which were very annoying

to cattle during July.

Lice on horses, cattle and poultry were common but no more abun-

dant than any other year.

Saddle-back caterpillar (Sibine stimulea Clem.) was not common
the past year according to inquiries received. For several years past

this insect has been commonly reported in the fall as causing severe

irritation to persons coming in contact with them.

HOUSEHOLD AND ANNOYING INSECTS.

Ants were the subject of many inquiries throughout the season but

probably no more than in past years. The reports referred to ants

primarilly as pests of the lawn and in the household.

Cloth moths (probably Tinea pellionella L.) was apparently more
troublesome the past season than formerly, this insect and probably

others being particulary destructive to mohair furniture.

Fleas (Ctenocephalus cards Curt.) were unusually troublesome. Never
before have we had so many inquiries. Often reports were received of

trouble in city residences and in basements but more usually in hog-

houses and other out-buildings on farms. Reports came from every

section of the state and in many instances it was noted that the farm
was being rented, the occupant having only recently moved onto the place.

Cockroaches (Blattella gennanica L., Periplaneta americana L. and
Blatta orientalis L.) were reported from all sections of the state. They
were not only annoying in the household but merchants complained of

annoyance and damage from these obnoxious insects. Control is a

simple matter. For example, following a demonstration at Bedford

we received the following letter from Mr. Geo. H. Megnin, in whose
store the demonstration was given : "I want to thank you for your

good work in demonstrating and killing cockroaches in my store this

summer. I had tried everything that anyone recommended and had
spent about $100.00 trying to kill them but it did no good. Today one

cannot find a living cockroach on the place".

Other insects which were reported annoying or destructive included

the bedbug, buffalo beetle, cricket, and the cigarette beetle, the latter

oftentimes infesting the packing of plush or mohair furniture.

MISCELLANEOUS.

Every year an increasing number of reports of damage to build-

ings by termites are received. One correspondent reports an unusual
injury, namely to rhubarb.

Two reports of injury to building joists and studdings by powder
post beetles were received. One January 3 from Connersville and the

o'her September 28 from Pine Village.
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A SPECIMEN OF THE EXTINCT MUSK-OX, SYMBOS
CAVIFRONS (LEIDY) FROM NORTH

LIBERTY, INDIANA.

Marcus Ward Lyon, Jr., South Bend.

In the museum of the Northern Indiana Historical Society, South

Bend, is a well preserved posterior portion of a skull of the extinct

musk-ox Symbos cavifrons (Leidy). For having my attention called

to this specimen and for the opportunity of examining it I am indebted

to Dr. H. T. Montgomery, of South Bend, to whom my thanks are due.

As remains of musk-oxen are not frequently found in Indiana and as the

specimen is in a collection where it might escape the observations of

naturalists, it seems desirable to call attention to it and describe and

illustrate it in order that it may be compared with other specimens of

the same species.

The other Indiana specimens of this species of musk-ox as recorded

by Dr. O. P. Hay in his article "The Pleistocene Period and its Verte-

brata", 36th Annual Report of the Department of Geology and Natural

Resources of Indiana, are a very complete skull from Hebron, Porter

County; and more fragmentary ones from an unknown locality in Ran-

dolph County; from Walesboro, Bartholomew County; and Bear Lake,

Newton County.

The specimen here described and illustrated was found in excavating

a ditch in the southwest corner of St. Joseph County, three and one-half

miles west of North Liberty, on the estate of D. W. Place, Section 35,

township 36 N., Range 1, west of second principal meridian, in 1924.

That is, it was found in the Kankakee Valley and was probably laid

down in the bottom of the old Pleistocene Kankakee Lake. Essentially

all of the facial portion of the skull is lacking save for a portion of the

right zygoma and a portion of the left orbit. The left horn core is

particularly well preserved and it is doubtful if more than 25 mm. of its

tip are lacking. Scarcely any wear is noticeable on the specimen and

judging from the sand that fell off as I examined it, it had evidently

been deposited in sandy material. The exostosis between the horn cores

is less extensive than it is in the case of the Hebron specimen as

figured by Doctor Hay, probably due to the anterior portion having been

broken away in the North Liberty skull. The exostosis is quite irregular

not only as regards texture but also as regards its general surface.

At the base of the left horn core there is a well denned shallow depres-

sion measuring 55 mm. antero-posteriorly and 35 mm. laterally. The
pterygoid processes are well preserved, projecting from the base of the

skull 60 mm. and having a width of 35 mm. The air cells of the frontal

sinus under the anterior portion of the exostosis are well defined and
do not appear to extend into the horn cores themselves as happens in

many of the other Bovidae. The general appearance of the fragment
and the relationships of its various parts are shown in figure 1.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."

21—35508
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The age of the specimen is unquestionably the same as that of the

one found at Hebron and stated by Hay to be late Wisconsin Pleistocene,

and like the Hebron animal the present one was probably living at the

foot of the glacier which left the Valparaiso moraine.

The North Liberty specimen gives the following measurement ex-

pressed in millimeters. The figures in parentheses are the correspond-

ing measurements of the Hebron skull as published by Hay. The Hebron

skull appears to be slightly larger than the North Liberty skull, though

the latter had apparently slightly longer horns.

Measurements.

Height of rear of skull from upper edge of foramen mag-
num to top of exostosis 160

Height of rear of skull from lower surface of occipital con-

dyles to top of exostosis, median plane 200 (223)

Width of skull at external auditory canals 190 (191)

Maximum width of cranium 205

Width between outer edges of articular surface of occipital

condyles 150 (118)

Width of skull at hinder edge of temporal fossae 135 (134)

Width of hinder end of basioccipital eminence 73 (82)

Greatest width of posterior nares 50 (58)

Paroccipital width 195

Length of horn core from center of skull on top to estima-

ted tip along outer convexity 435

Length of horn core from elevated inner edge to estimated

tip along outer convexity 405 (380)

Antero-posterior diameter of horn core at base 100 (118)

Supero-inferior diameter of horn core at base 70

Circumference of horn core at base 270

Antero-posterior length of exostosis (probably defective

anteriorly) 185

Width of exostosis at center 110

Greatest depth of concavity between horn cores 25 (36)

Tip of horn core to sagittal plane (estimated) 250 (262)

Other surface of right zygomatic process to median line of

skull 105 (112)

Height of temporal fosse at middle 65

Relationship*. As pointed out by Dr. Wilfred H. Osgood (in 1905

volume 48, page 177 of Smithsonian Miscellaneous Collections) Sijmbos

cavifrons is more nearly related to the existing genus of true Musk-Oxen,
Ovibos than to any other animal. He calls attention to certain charac-

ters which might indicate Symbos to be an ancestral form of Ovibos.

The prominent exostosis between the horn cores and its evident covering

with horn during life would indicate that in respect to its horns at least

Symbos was a more highly specialized animal than Ovibos. Both are

probably distinct offshoots of the same line. The presence or absence of

extension of the frontal sinus into the horn cores may have some tax-

onomic value. The presence or absence of such air passages in the horn



Extinct Musk from Indiana 323

Fig. 1— (a) Posterior view of skull of Sy)>ibos oavifrons (Leidy) ; (b) left lateral

view of skull. Facial portion of skull is lacking. Note the downward and forward

slope of the horn core, the well marked temporal fossa and the conspicuous paroccipital

process extending- below the level of the condyle; (c) dorsal view of skull. It shows
particularly well the roughened exostosis between the horn cores and that it extended

farther back posteriorly than the main portion of the cranium and as far or farther

anteriorly than the extant portion of the skull.
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cores could probably be ascertained by roentgenograms of the horn cores

without injuring the specimens. A roentgenogram of the present speci-

men of Synibos shows the core to be solid. I regret there are not avail-

able for roentenography specimens of Ovibos, Bison and of the Ovinae.

Remains of true Musk-Oxen, Ovibos are much rarer in Indiana than

those of Symbos. Doctor Hay records but a single specimen from Indi-

ana, a portion of a skull unearthed near Richmond.
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STRANGE VISITORS: THE STARLING, BURROWING
OWL, AND HARRIS' SPARROW.

Amos W. Butler, Indianapolis.

The Starling.

For the first record of the Starling (Sturnus vulgaris Linn.) in Indi-

ana, we are indebted to Prof. S. W. Witmer of Goshen College, Goshen,

Indiana. December 18, 1924, he wrote me that two of these birds had
been taken alive the day before, at the college farm. Later he sent me
the skin of one of them for verification of the record. He also gave me
the following facts concerning their capture

:

On December 17 Mr. Eli Whirlidge and his eight-year old son, Wil-

liam, went to the Goshen College farm, nearly a mile south-west of

Goshen. After dark, about 5:30 in the evening, Mr. Gibbs, the farm
manager, went into one of the silos to shoot pigeons. The silo was
incompletely covered and they found other birds besides pigeons had
entered to seek shelter. The glare of the light used would occasionally

bewilder some of these birds so that they fell fluttering to the floor of

the silo. These falling birds were at first recognized as English spar-

rows, and were allowed to fall as prey to the cat. Presently Mr.

Whirlidge noticed a bird falling which was not a sparrow. Mr. Gibbs

caught it. A second bird of this kind fell and was caught by William.

Mr. Whirlidge being familiar with pictures of these birds recognized

them as starlings. The next day he brought the birds to the college and
they were kept on exhibition in a cage. Later Mr. Whirlidge turned them
over to Professor Witmer. The skin of one he preserved for the college;

the other he sent to me.

Dr. W. M. Lyon, Jr., of South Bend, later, at the meeting of the

Academy of Science, called my attention to an Indiana record of the

starling in the records of the Bureau of the Biological Survey, U. S. De-

partment of Agriculture. In response to my inquiry W. C. Henderson,

Assistant Chief of the Bureau, says: "The only reliable record we have
is of one found in Wells County (Ind.) in December, 1923, in an ex-

hausted condition, by E. B. Williamson of Blulfton."

Prof. M. L. Fisher informs me that the starling has since been

observed in Newton County. R. A. Johnson, a Purdue graduate, re-

ported March 11, 1925, that he had discovered starlings at Brook. This

was not verified by a specimen.

These are the only localities in Indiana from which the starling has

been reported. It is probable that it will soon be found in other places.

The earliest known record of the attempt to introduce the European
starling into the United States, was at Cincinnati, Ohio, in the winter

of 1872-73. * So far as known, none of these survived. Similar experi-

ence was had at Portland, Oregon, in 1889.

1 U. S. Dept. Agriculture, Department Circular 336. March, 1925.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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In 1890, 80 birds were released in New York City, and 40 more the

next year. From these the species has been established. It has spread

over the Eastern United States and has now been reported from every

State east of the Mississippi River except Mississippi.

P. M. Jennes, Gaffriey, S. Car., who is studying the distribution of

this starling, writes me that the western limit of their breeding range
for 1924 apparently was about central Ohio. When reports for this

year (1925) are in I expect to find that this limit is nearly, if not quite

at the eastern boundary of Indiana. The starling is nesting as far

south as Greenwood, S. Car., this year.

The Chinese Starling (Aethiopsar cristellatus) has become estab-

lished in the city of Vancouver, B. C.'
2 Two pairs were noted in 1897,

and in 1920 it was estimated that 1,200 occupied one main roost. There
is one record of this species at Portland, Ore., February, 1922.

Evidently we are in for a foreign invasion. The result is problem-

atical.

The same Department circular2 gives the following conclusion:

After 20 years of unsuccessful attempts at introduction, the Euro-

pean starling became firmly established in New York City in 1890, and
now, definitely occupying its place in this country, must be considered

a naturalized member of the American bird fauna. In less than 35 years

it has become one of the most abundant birds in the region contiguous

to New York City, and of local occurrence from central Maine to central

Ohio, and from Ottawa and Montreal, Canada, to Georgia and Alabama.

Thus far the species has not been found to be as seriously destructive

to crops in the United States as it is reported to be in some parts of the

Old World. Nevertheless, it is probable that many people will always

look with unfavorable eyes upon the starling as an alien.

The Burrowing Owl.

The following account of the burrowing owl in northern Indiana, by

Mr. Ashley Hine, Field Museum of Natural History, Chicago, (The Auk,

Vol. XLI, Oct., 1924, Page 602) is of unusual interest.

"April 16th, 1924, while on a field trip with Leon L. Walters and

Earl P. Schmidt, both of the Field Museum of Natural History, I shot

a Burrowing Owl (Speotyto cunicularia hypogsea) at Dune Park, Porter

County, Indiana.

"The day was sunny but cold and a high wind was blowing. Few
birds were to be found except in the more sheltered masses of woodland.

While searching for perches suitable for bird mounts on an openly

wooded hillside, just above the Dunes Highway and nearly opposite

Dune Park Station on the New York Central Railway, I flushed an owl

from the ground, among some pine branches. Recognizing it as a Bur-

rowing Owl, I secured the shotgun, flushed the bird again and brought

it down with a broken wing.

"It proved to be a male, now in the collection of the Field Museum
of Natural History, in excellent plumage and in good flesh, with no sigh

of having been kept in captivity. This species has a wide range west

of the Mississippi, but it does not appear to be recorded from Illinois,

- U. S. Dept. Agriculture, Department Circular 336, March, 1925.
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and I believe this to be the first record of its occurrence in Indiana.

Other accidental records from New York and Massachusetts are known.

"It is possible, though perhaps scarcely probable, that this occur-

rence of the Burrowing Owl in the Sand Dune area of northern Indiana

is a forerunner of an actual colonization of this area by this form.

Such an extension of its range would parallel the eastward spread of

Franklin's Spermophile (Citellus franklinii) and of the Plains Garter

Snake (Thamnophis radix)."

Mr. Hine, at the suggestion of Mr. Leon J. Walters, of the same
museum, kindly supplied me with an advance copy of his article. In his

letter to me, Mr. Walters says:

"We ought to have included in this notice mention of the fact that

there had not been any storms or heavy wind for some time previous

to its capture, which might by bewildering or driving out of its course

have accounted for its presence here."

Harris' Sparrow.

Mrs. Percival B. Coffin informs me that her husband and she ob-

served a Harris' sparrow (Zonotrichia querula) at their country home,

The Brooks, Williamsburg, Wayne County, Indiana, May 12, 1925. It

was closely observed and as they had met this species twice in the dune

region of Indiana, they knew it. It was associated with white-crown

sparrows which were singing in their vegetable garden. It was also

seen there May 14, 15 and 16, 1925.

Later it has been reported two or three times from "The Dunes" in

Indiana.

Recently they have been reported more frequently than before east

of the Mississippi River. Among other references: one from Luce County,

Michigan, May 12, 1924, reported by O. M. Bryans, McMillan. (The
Auk, Vol. XLII, January, 1925, page 145.) October 5, 1924, one observed

by Ben. I. Blincoe, near Dayton, Ohio. Later, on October 12, a speci-

men was secured from the same locality. This was probably the third

Ohio record. (The Auk, Vol. XLII, April, 1925, page 275.)

The first Indiana record of Harris' Sparrow is an adult male taken

May 4, 1907, near Sheridan, Hamilton County, Indiana, by Ernest P.

Walker. (Proc. Indiana Academy of Sicence, 1908, page 49).
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EUTHENICS AND BIOGRAPHY.

Robert Hessler, Indianapolis.

In the development or evolution of man, problems connected with the

adjustment of the individual and the adaptation of the race have con-

stantly arisen, due to a continually changing environment.

For man in the savage state life was extremely simple. Later,

however, in the barbaric stage, a home, domestic life in a house, implied

not only a permanent abiding place, but it also implied making condi-

tions favorable for the continuation and rearing of the progeny; and

thus Domestication (from domus, a house) is in reality the first step in

civilization. However, civilization means an aggregation of homes,

namely, urban conditions (from urbs, a city) giving us Urbanization as

the process by which we have arrived at our present-day condition and
under which civilization faces its destiny.

Therefore out of Domestication and Urbanization, with accompanying

problems, may be woven a philosophy which will take into consideration

the evolution of man, both ontogenetically and phylogenetically.

Although the life of the individual recapitulates the experience of

the race; nevertheless even today man is called upon to meet societal con-

ditions not in harmony with his ontological development. In other words,

society exhibits vestigial conditions analogous to the vestigial organs of

the body.

Under primitive conditions the rearing of the young was a simple

matter, becoming complex with more and more town life, and very intri-

cate under modern industrial city conditions, until now there arises

the need for bringing together related data for a new art and science

—

Euthenics (from the Greek, well-being). More specifically, euthenics

seeks to secure the best environmental influence for the physical, mental
and moral development of the individual, particularly the young, and for

the maintenance of health and vigor especially under modern industrial

city conditions, as implied in the expression domestication and urbaniza-

tion. But we must constantly remember that only the biologically fit

are those who are able to reproduce.

The term Euthenics has however a more dynamic meaning than that

conveyed by the expression "environmental influence", or by ecology, or

by mesology; it specifically implies acting, and not merely observing and
recording. Therefore, in euthenics emphasis is placed upon teleclexis,

the artificial or intentional selection, in distinction to geneclexis which
refers to natural selection. Moreover, euthenics concerns itself with
individuals, whereas sociology concerns itself with the mass.

In brief, Euthenics is a system—art and science—of improving
individuals, especially the young, by a good environment. Perpetuating
the improved and highly developed individual is the sphere of Eugenics,
which seeks to improve the race by good breeding. Eubiotics has been
defined as the art and science of living a life of "good health", growing
out of what we can do for ourselves with the environment under which
we are compelled to live or may choose to live.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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In 1908 the writer presented before this Academy a paper entitled

"Biography and the Influence of Environment". 1 This was an attempt

to show the increasing importance of the role of environment on human
life under increasingly complex surroundings, with special reference to

the consideration of a neglected factor.
2

The domestication and urbanization of man, attended by a constant

weeding out of those who are not adapted to house and town life, has

been a long and painful process which is still actively going on today.

In the study of this process one of the most important factors to be

considered is the reaction due to inhaling infected dust. From the

standpoint of the physician this reaction, Coniosis (Greek, konis, dust,

and osis, a condition), or dust infection, may be looked upon as a protean

disease, with clinical types for convenience of classification, description

and treatment. 3 Biologically and euthenically it must be considered as

a reaction to an abnormal environment, largely avoidable and prevent-

able.
4

Man is an animal. Zoology is the science of animal life. But it

should be kept in mind that to the zoologist "life history'' suggests the

life cycle of some animal and that usually his material for study is

under control. In the case of man there is, however, besides the mere

animal existence also a psychic life, dominated by the social inheritance,

or civilization, and manifestly "human material" is not under a like

control. Indeed, all sorts of sacrifices may be required to get long-con-

tinued original data on real life histories—the chief reason for the neg-

lect of such studies.

The term Biography may or may not be synonymous with Life His-

tory as understood by the zoologist, but nevertheless the term biography

may still be used restrictively to cover the field for the purpose of this

paper. A literary friend interested in life histories expressed himself

as follows: "Unfortunately the average published biography is com-

monly a literary composition, largely idealistic and eulogistic, sparsely

critical in an adverse sense and then usually euphemistically expressed."

The average biography or autobiography is almost worthless for real life-

history purposes. But in another part of this paper reference will be

made to notable exceptions, because they exemplify the fundamental

truths of euthenics, as well as of eubiotics.

It is of course understood that a good stock of comparative illustra-

tions and analogies drawn from plant and animal life is a valuable asset

to both teacher and doctor in the study and application of euthenics;

but analogies are not homologies, and they must not be pressed too hard

—

"The proper study of mankind is man".

From the old viewpoint, that of the physician dealing with sick

people, the body was considered abnormal, and the old method sought

to disentangle the various factors in the midst of complexity, laying chief

1 It was realized that this title was cumbersome, and hence when Dr. Ellen H.

Richards in 1910 coined the term "Euthenics" it was promptly adopted ; this paper is

in a measure an elaboration of the original theme.
- See "Dust—A Neglected Factor in 111 Health", Trans. Ind. State Med. Asso., 1904,

PP. 166-178.
3 See "Atypic Cases and Dust Infection", American Medicine, October 1, 1904.
4 See "Coniosis", Proc. Ind. Acad. Science, 1911.
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stress upon the body itself. But the new method, that of the biologist

and the evolutionist, stresses the environment and seeks a solution

through a comparative study of the environment factors, beginning with

the simple and following them into complex conditions.

Life in crowded industrial and commercial cities is becoming more
and more crmplex; civilization threatens to become top-heavy, with an

extinction of the mentally endowed. But there will always be those who
survive. In the slums of the cities there seems to be developing a "John

Chinaman" type—those who are able to thrive physically, but, alas, at

the expense of mentality. This type of humanity is not considered by

the biographer, but the life historian, the euthenist, the eugenist, the

geneticist and the immunologist must concern themselves with the ap-

parently insignificant or inferior types, with all who are able to re-

produce.

The question may therefore be raised, is an Antaeus-like contact

with the soil essential for the continued welfare of the mentally en-

dowed? What do life histories teach?

Unfortunately, biographies, as already indicated, are not or only

rarely real life histories, and hence the vital elements of euthenics have

so far not been taught in our schools.

Euthenics actively concerns itself with man's environment. Mak-
ing the environment favorable is an ancient art. Art precedes science.

As a matter of fact attention to the factors of environment was a part

of the commonplace efforts of man throughout his early development.

We need only recall the attitude of the ancient husbandman and his

efforts in making favorable conditions for his crops—including the

preparation and cultivation of the soil, and the suppression of weeds

and parasites—and for his domesticated animals, as well as for himself

and his offspring.

Even in ancient law is revealed the emphasis placed upon the force

and effect of the environment by the old law-givers. The Mosaic Law
concerned itself definitely with personal hygiene and general sanita-

tion; and it is therefore not a matter of wonder that men like Wesley,

Kingsley and Booth preached the Gospel of Cleanliness.

Parents have always practiced what the term euthenics implies

—

making a favorable environment for the children, usually a wholly

altruistic effort. In an earlier day, undei; rural conditions, a large

family was an asset; but today, in the city, a large family may be a

liability, and a single child, highly educated, may produce more parental

pride, self-esteem or satisfaction and less care and worry than a large

family of poorly educated or trained children.

Euthenics was practised by the master both altruistically and
egoistically. A contented servant was of greater value than a dis-

satisfied one; and today the employer of labor is influenced by both

altruistic and egoistic motives, presenting a very complicated modern
social problem.

Perhaps all of us have had some experience in transplanting flowers

from the woods, usually resulting in failure ; likewise in bringing home
pets, usually to live in more or less misery. A housewife may be unable

to winter-over her potted geranium under "indoor climatic conditions,"
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whereas the experienced florist makes plants bloom all winter. Ginseng

when grown under massed conditions is very apt to become infected and

the grower may lose his crop. Many people "keep chickens," perhaps

penned up in a small yard covered with cinders but without anything

"green." The result is "chicken-yard misery," without egg production.

Egg production on a large scale is an art, requiring knowledge, and

should be based upon scientific data.

In rearing children the changing environment, which is becoming

more and more urban, must be considered. The teacher is supposed to

be interested in the welfare of his pupils, at least while they are in

the school, and therefore it may justly be assumed that the teacher

seeks consciously or unconsciously an answer to questions similar to

the following: What is a favorable school environment? What is a

"proper" school-room temperature? What is a comfortable one? How
do children react? Who are subnormal? Who are supernormal? To
what extent do we consider time and place when we speak of "normal"?

Are adenoids and enlarged tonsils, colds and catarrhs, anemia, etc.,

normal accompaniments of an abnormal environment?

The country doctor deals with people living more or less isolated,

rarely coming in contact with others or with the sick and diseased

—

unlike the physician in the large city where there is a constant and

many-sided contact with all sorts of ill health and disease producing

causes. The small town doctor occupies middle ground, and when a

new doctor comes to town he is at once sought out by the old chronics

who are still hopeful of being cured. "Hope springs eternal in the

human breast." Some at least expect relief from annoying symptoms.

But the physician may conclude that some individuals are misplaced,

unadapted and mal-adjusted, and reacting to what is to them an ab-

normal environment. 5 One can of course differentiate between those

who readily accept the explanation of "reacting" and who will make an

effort to change their environment or "change climate," and those who
will not or can not. The small town doctor can not readily write and
publish real "case reports" ; the country doctor can not do so at all

—

it would mean professional suicide. The city physicians can and do

write freely, but when a patient moves, and the city populace is be-

coming more and more movable, data come to an end, which is another

reason why real life histories are rare.

Medical journals teem with clinical reports and case reports.

Usually they begin very abruptly and perhaps terminate with equal

abruptness—"in the midst of things." What conclusions, it may be

asked, can be drawn from the average medical case report in regard

to life histories or to euthenics or eugenics? Almost none.6

The physician, the surgeon, the nurse and the social worker are all

interested in the welfare of what we commonly call the patient—and

5 Consider what may occur where the air is full of infection, where men chew
tohacco and spit where they please and set a low standard of cleanliness, encouraging
catarrhal and tuberculous persons to add their contributions to sidewalks and floors of

public buildin.es. Under such conditions, infected dust is a definite entity, just as the

reaction may be definite.
6 Among the material shown a year ago on account of "Euthenics and Life History",

were a number of original hospital clinical records and case reports.
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at times the environment may be the most important factor. The
sanitarian and the hygienist play a great role in euthenics—the more
sanitation, the less probable need for individual hygiene; in other words,

the more favorable the general environment becomes for the individual,

the less need for his giving attention to details—details, which readily

become those petty details with which the introvert so largely con-

cerns himself.

When sanitary engineering supplies cities with clean water, typhoid

fever begins to disappear, and papers on this disease become fewer and
fewer in the medical journals, and in time the special treatises begin to

disappear. On the other hand, treatises on tuberculosis are becoming

larger and larger; some now appear in three-volume sets. Sanitation

of the air is still a problem for the future.

As already mentioned, no matter how bad the slum conditions may
be, there are always individuals who are adapted; but civilized com-

munities are more and more asking the where, when, and why of things.

The Eugenists are beginning to demand better breeding; the Euthenists

better environment.

In addition, more is being heard of so-called "degenerative dis-

eases". The term includes cases of high blood pressure 7 and high acidity,

and various "hyper" diseases, with a life cycle of perhaps 50 years.

Papers and books on heart disease are becoming more and more plentiful,

and still we continue to treat the sick "in the midst of things", where
all sorts of inflammation is followed by scar tissue, with lessened vitality

—just as in the days of Sydenham 250 years ago.

In the large city, the factors that enter into the matter of health

and disease are so numerous and so varied that it is impossible to

disentangle them. The physician does the best he can in treating his

patients; many want relief merely from annoying symptoms. The
surgeon "sits in his office and waits until a man is ripe for an operation."

Health supervision has been in the past, and still is today, a dream of

the future.

Many do not readily grasp the idea that man for countless ages

has been an open air animal and has led a very simple life, and that

the process of domestication and urbanization, adaptation to life under
house and town conditions, has been a slow and painful one, with a

weeding out of the unadapted and unadjusted, a process that still con-

tinues. But usually Nature does not kill abruptly; she sends all sorts

of warnings, but these we should not misinterpret. In the case of the

common, everyday "symptoms of ill health" we should constantly ask,

"Where, When, Why," and then we may find that most of the common
symptoms are blessings in disguise—warnings, danger-signals to be

heeded.

When Patrick Henry said, "I have but one lamp by which my feet

are guided, and that is the lamp of experience", he laid down the

principle that must govern us in the interpretation of biography in the

7 The subject of "blood pressure" (like that of a proper dietary) is yearly becom-
ing more and more complicated. Yet how simple it may be when considered from
the biologic and evolutionary viewpoint ; and how simple the solution to those who are

wise, and early see the handwriting on the wall, and are able to act.
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application of the science and art of Euthenics for the benefit of the

young.

But the individual must be saved from the necessity of waiting for

his own experience in order to have a lamp to guide him in his future

wanderings, and it is therefore conceivable that Patrick Henry referred

to the experience of man in general—history in its broad sense. More
specifically, however, man should realize that for his own welfare great

lessons may be drawn from the study of biography, a term first used

by Dryden, in 1683, as "the history of particular men's lives".

Since Dryden's time there have been all sorts of biographies and
biographers. The esthetic literary type of biographer follows as his ideal

"the faithful portrait of a soul in its adventure through life"; this is also

the ideal of the preacher and moralist.

At present a new ideal of biography is developing. The scientific

method, already applied in so many departments of human endeavor, is

finding a new field in transcribing the record of the individual's experi-

ence, thus re-emphasizing the ancient Greek injunction, "Know thyself,"

which modernly interpreted indicates that "the proper study of mankind
is man". This includes his experience and his reactions to his environ-

ment, which thus becomes the lamp that shines upon his future path, and
may enable him to avoid learning some valuable and profitable lessons

through bitter experience.

Charles Dickens had a rule that for every hour indoors there should

be an hour of outdoor life. So long as he followed his own rule he fared

very well. The great importance of offsetting too much indoor life by

outdoor life can scarcely be overemphasized. But few can do it properly

in the crowded city; and hence the great importance of the seventh day
of rest, the eight hours of recreation and relaxation, the value of golf

to the business man, the good results of motoring into the open country,

or a winter in Florida or California, all of which are concerned with and
emphasize the environmental factors.

Reference has just been made to the rule which Charles Dickens

observed—offsetting indoor life by outdoor life. This may be considered

a real discovery by Dickens which resulted in salutary effects upon his

well-being, but it was in reality the application of a sound euthenic

principle. What Dickens discovered for himself, many others have like-

wise noted in their own environmental reactions. However, few indeed

have profited by their experience, and it may even be questioned whether

a man always is able to properly interpret his own reactions. Therefore,

in the euthenic interpretation of biographies much can be learned by
reading between the lines; and often the biographer, and more particu-

larly the autobiographer, may unconsciously reveal the working out of

these euthenic principles—the application of our knowledge to the end

that the adjustment of our environment will contribute to our welfare.

A year ago the writer presented before this Academy a lot of

material, in illustration of Euthenics and Life History, varying from

simple accounts, case reports, to autobiographic accounts, and case re-

ports which in the course of years expanded into actual life histories

—

real biography. These histories have been used since 1905 in seeking

to interpret the "lives of the dead" for the purpose of determining
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what lessons might be learned from biographies, particularly in regard

to the influence of environment. Preliminary papers were presented be-

fore this Academy in 1905 and in 1908.

Thomas H. Huxley's biography was referred to in both of these

papers, the explanation of his ills and life-long ill health being along

the line of the domestication and urbanization of man, and of reacting

to bad air. It was an interpretation, with the object of inducing the

discriminating reader to read between the lines and seek to interpret his

own reactions. To the life historian and to the euthenist the "Life

and Letters of Thomas H. Huxley" s are invaluable. On the other hand,

to his pathetic complaint—"I do wish I could sometimes ascertain the

exact juste milieu of work which will suit . . .", the student of

domestication and urbanization might be able to give a satisfactory

reply.

In the interpretation of biographies from the euthenic viewpoint

a departure must be made from the usual method. Formerly, and

popularly still, there were only two great categories—health and disease.

A man who has "symptoms" is assumed to have some disease. The old

method scarcely considered the where, when and why of the common
symptoms, and health and disease were considered to be entities. But
the biologist and euthenist seek to differentiate between these extremes,

using a third or middle term, and making three categories—ease, unease,

and disease. Health constantly fluctuates between ease and unease, and
although in the end all must die, yet after all death may be merely a

terminal event, with no relationship to life-long ill health. As already

stated, the normal or healthy body reacts to an abnormal environment.

Common everyday symptoms are to be looked upon as warnings from
Nature—as danger-signals to be heeded; and the "old chronic" who does

heed them lives on to old age. The euthenist's interpretation is one that

appeals to the student who is biologically trained, as biology emphasizes

the great importance of environment."

Euthenics is a word to conjure with among parents and the young
who have reached the age of understanding. The term must not be

confused with Eugenics, a subject for which some have an aversion,

for parents feel that they cannot change the past. They had to accept

what Nature gave them, and they can transmit only their own hereditary

characteristics and traits. But the environment can be altered ; if efforts

fail locally, there is always the alternative of removing to a better

environment.

As already mentioned, that which is implied by the expression, "the

influence of environment" is an ancient art, and has been followed
empirically from the beginning. Much is to be expected when Euthenics
is taken up systematically, and when the schools teach "How to Live",

with special reference to those eight hours that are supposed to be

devoted to recreation and relaxation from labor.

s On account of the numerous references to ill health this biography makes de-

pressing reading, which however will become intensely interesting to any one who may
be able to read it in the light of the Domestication and Urbanization of Man. When
Huxley retired to Eastbourne, on the south shore, he took a new lease on life.

9 The biological explanation, as above indicated, may, moreover, show why "isms"
and "pathies" flourish, and, once properly understood, such an explanation will take
the ground from under the feet of the healers and curers.
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The matter of vocational training has received considerable atten-

tion in recent years. There are of course pros and cons as to the

amount of time the schools should give to the subject, largely determined

by time and place. On the other hand, the eight hours of avocation

have been neglected. We need only consider that in addition to recrea-

tion and relaxation many resort also to sedation—the use of alcohol,

tobacco, opiates and coal tar synthetics—and more recently glandular

extracts have come into use. On the other hand, teaching the young to

play is essentially a euthenic measure, tending to displace the use of

sedatives.

Euthenics is a new science, to which all can contribute. In time

it will become technical, and then special problems will be worked out

by those with special training. There is urgent need at present of bring-

ing together related data pertaining to euthenics and organizing this

material for practical use. Some of the material used in demonstrating

the value of eugenics—improving the race—may be equally valuable

in support of euthenics—improving the environment of the individual.

Material for making simple observations is to be found on all sides.

We can, for instance, note the influence of environment on ourselves,

on our relatives and friends and those with whom we come more or less

in contact. This is learning from experience, and as Lowell says "One
thorn of experience is worth a whole wilderness of warning." Although

opportunity for obtaining first-hand and long-continued data is within

the reach of few, yet, on the other hand, the interested school instructor

will find much data in biographies, material that will enable him to

markedly aid in guiding the young under his care, to stimulate them to

make a conscious effort in giving attention to the influence of environ-

ment upon their health or well-being. Such lessons may prompt them
in a measure to adopt certain fundamental rules looking to the control

of simple environmental factors, to assume an attitude that will become

habitual in guarding their health, in the same way that attention is given

to protective measures in matters of food, shelter and clothing.

We hear more or less of the term "degenerate". Applied to man
the implication is really terrible. But after all the term may really

mean a deterioration, or a stunting, or a depauperation on account of

unfavorable life conditions—physically, mentally, morally. Nature has

no favorites—only those able to survive. Man must take care of his

own. Before resorting to the extreme measures of some eugenists, in

the case of "degenerates", it may be best to first determine what
euthenics may do for them, or their kind, and particularly for that un-

fortunate group of individuals contemptuously referred to as "neurotic"

—individuals who react acutely to an abnormal environment.

Euthenics in its first stages is mainly concerned with education in

the true sense of training. The attention of the individual and next

that of the community must be given to the subject. The diffusion of

knowledge on this highly important aspect of the welfare of man is

the first great step in preparing the soil for the germination of right

thinking in regard to right living. Under simple life conditions, educa-

tional requirements were few and simple; then the three R's sufficed,

and they still suffice for many; but under city conditions education must
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more and more consider the environment under which people live and

have their being.

It is too commonly assumed that the highly mentally endowed are

"able to shift for themselves", when as a matter of fact they are often

submerged—the over-crowded college may even deny them the oppor-

tunity of an education. Saleeby defines education as "the provision of

an environment". Such a definition at once enables us to understand the

limitations of the educative process. "Education can only educate what
heredity gives. Heredity gives not actualities but only potentialities.

Much is to be expected from the entrance of woman into politics, for she

has always been concerned with factors of environment. Above all, al-

though eugenics is still a future objective, euthenics is the need of the

hour, and attention to the environment will bring positive and immediate

results. The philosophy of domestication and urbanization has within its

scope the consideration of the most vital problems affecting the future

of the race.

22—35508
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BIRDS OF MADISON COUNTY, INDIANA. 1

Sidney R. Esten, Indiana University

Madison County is situated about 50 miles northeast of the center

cf the state. The land area of the county is 288,000 acres or 450 square

miles, distributed as follows:

Acres

Waste land 21,635

Timber land 12,139

Permanent pasture land 25,819

Temporary pasture land 19,904

Orchards 1,861

Fallow lands
#

11,397

Total land not in crops * 92,755

Total land in crops 183,067

The average elevation of the county above mean sea level is 855 feet,

with a minimum of 780 feet and a maximum of 975 feet.

The population of the county according to the 1920 census was 69,151,

making an average of about one person to every four acres or 153

persons to every square mile.

Madison County has no lakes but has the following waterways:

west fork of White River from east to west with a total length in the

county of 20 miles; Fall Creek, 22 miles; Pipe Creek, 25 miles; Lick

Creek, 22 miles; Kilbuck Creek, 12 miles; Duck Creek, 15 miles, and ten

smaller creeks totaling about 50 miles.

The trees of Madison County include chestnut, shellbark hickory,

pignut hickory, hornbeam, hop, beech, white oak, tulip, red bud, boxelder,

sugar maple, buckeye, dogwood, black and swamp maple, elm, willows

and a few white birches.

These records were taken during the years 1921 to 1924 and while

they are as accurate as time would permit they are by no means com-

plete. Observations have been confined to the southern part of the coun-

ty especially in the vicinity of Anderson. (See figure 1.)

Arrangement and scientific names of the birds in the following list

conform to the A.O.U. abridged check list of 1910.

I. Order PYGOPODES, Diving Birds.

1. (6) Podllymbus podiceps (L), Pied-billed grebe. Rare mi-

grant. Only one record. In one of the pools beyond the old Arvac

1 In gathering the material for "Birds of Madison County" much assistance was
given by Carl Gilpin of Anderson, who was my companion in the field and for whose
assistance and faithful companionship I express my sincere thanks.

In the preparation of this manuscript much valuable aid has been received from
Miss Margaret A. Wade and Miss Kate A. Chipman of the Anderson Public Library,

and Miss Estella Wolf of the Indiana University Library in securing introductory
information and the map of Madison County ; from Professors Will Scott and Fernandus
Payne of the Zoological Department of Indiana University in revision and helpful ad-
vice ; and from my wife, in proof reading. To these friends and others who have made
possible the publication of "Birds of Madison County" I wish to acknowledge my sin-

cere and grateful appreciation.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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Fig. 1—Southern part of Madison County, including the city of Anderson. See ex-

planation. 2

2 Explanation of Figure 1. 1, Moss Island, a wooded area on both sides of White

River, with much underbrush. Several small wooded islands. The area along river

flanked by cultivated fields and open meadows ; 2, Flats, flooded in spring. Woods and

bush, flanked by corn fields ; 3, Woodlawn. Rolling hills and gullies, heavily wooded ;

4, Country Club. Rolling hills, a sand bank, open woods, heavy bushes and open fields ;

5, Wooded hills and cliffs on north side of White River. Wooded flats flooded in spring-

on the south side ; 6, Open woods ; 7, Woods, hills, corn fields, low swampy land ; 8,

Similar to preceding except that this area is flat ; 9, Irondale. Low lands, flooded in

spring, fields and open woods, several gravel pits ; 10, The Mounds. A large chestnut

grove, cliffs, gullies, and rolling hills; 11, Woods, corn fields, low swampy land, some
flat and some rolling hill land ; 10, May's Estate. Open grove of several acres through

which runs a small brook, located near the center of town ; 13, Old Maplewood Ceme-
tery. Evergreen trees with swamp land beyond ; 14, New Maplewood Cemetery. Woods
and fields beyond ; 15, City park. Rolling land, meadows, hills and shaded gullies ;

16, Road between Anderson and Pendleton running for some distance along a wooded
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(Remy Plant No. 2) on the right of the traction line to Pendleton.

March 10, 1922.

2. (7) Gavia immer (Brim.), Loon. Rare migrant. Only one

record. April 25, 1924. Flying above Maplewood Cemetery.

II. Order LONGIPENNES, Long-winged Swimmers.

Family Laridae, Gulls and Terns.

3. (54) Lams delawarensis Ord, Ring-billed gull. A rare to

frequent winter visitant. One was shot December 26, 1924, on the farm

of J. E. Barrett, five miles south of Pendleton, upon being mistaken for

a hawk. It was an immature bird having the black band near the end

of the tail. It measured 54 indies from tip to tip. It has been mounted
and is now in the possession of Ward McCarty, Pendleton. Another, evi-

dently an immature bird of the same species, was seen flying low over

the same place the next day.

III. Order ANSERES, Lamellirostral Swimmers.

4. (132) Anas platyrhynchos L, Mallard. Rare to frequent mi-

grant. According to the reports of the older residents of Madison
County, this bird was common or abundant within the last 25 years, but I

have only two records: Woodlawn, April 10, 1922; and Irondale, April

25, 1923.

5. (147) Marila valisineria (Wils.), Canvas-back duck. Rare to

frequent migrant. This species has been in years past a very abundant
migrant, but I have only one record, that of April 25, 1923, at Irondale.

6. (149) Marila affinis (Eyt.), Lesser scaup duck. Rare to fre-

quent migrant. Only one record, that of two lesser scaup ducks flying-

north, low over the river near the Mounds, just before dusk on April

1, 1924.

7. (172) Branta canadensis canadensis (L), Canada goose. Rare

to frequent migrant. One record, near the Mounds on April 1, 1924.

IV. Order HERODIONES, Herons, Stocks and Ibises.

8. (190) Botaurus lentiginosis (Mont.), American bittern. Rare
migrant. May 17-June 2. Two records: May 17, 1924, in an old

swampy sand pit to the right of the Riclge Road just after the road

crosses the ridge, and June 2, 1924, in the reeds in White River between

the 12th Street Bridge and Irondale on the west side of the river.

9. (191) Ixobrychus exilis (Gmel.), Least Bittern. Frequent mi-

grant. May 10-20. Seen May 10, 1924, on the way from the Mounds
to Irondale on the west side of the river and again May 12, 1924, and
May 13, 1924, 12th Street Bridge and Irondale. The fourth record of

this bird was May 20, 1924, at the Mounds.
10. (194) Ardea herodias herodias L., Great blue heron. A very

rare migrant. Although I have not seen this bird in Madison County, I

ridge; woods, open fields and several old gravel pits half filled with water, reeds and
cat-tails ; 17, Idlewold Park along Fall Creek. Golf course, wooded areas, gullies, low
brush-covered flats on north side of the creek ; 18, Area with many low bushes, trees,

several swamps and ponds ; 19, Rose Hill. Rolling hill land, brook, many low bushes

and vines, with meadows and cultivated fields surrounding ; 20, Miller Farm. Flats

heavy with trees and underbrush, rolling hills with open fields beyond.
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have received several authentic reports of the bird in spring migrations

as being seen near Anderson during the last 10 years, usually in April.

11. (200) Florida caerulea L., Little blue heron. A very rare

bird seldom found in Indiana. Carl Gilpin and I saw this bird on May
24, 1924, between Irondale and Glen Echo Bridge.

12. (201) Butoriaes virescens virescens L., Little green heron. A
frequent to common summer resident. April 17-September. The earliest

dates seen were: April 17, 1921, and May 10, 1924, and then seen regu-

larly all summer practically anywhere along the White River.

V. Order PALUDICOLAE, Cranes and Rails.

13. (214) Porzana Carolina (L.), Sora rail. Rare migrant. This

species may rarely be seen during May working its way north from pond

to pond. Two records, one May 2, 1924 (female), in one of the ponds

beyond the Arvac (Remy plant No. 2) on the right side of the Anderson-

Pendleton Traction Line, and the other May 17, 1924 (male), in the

marshy pond in the old sand pit to the right of the road of the Ridge

Road after it crosses the ridge on the way to Pendleton.

14. (216) Creciscus jamaicensis (Gmel.) Little black rail. A
very rare migrant. One record, in the same place and at the same time

that the preceding species was seen May 17, 1924.

15. (221) Fulica americana (Gmel.), Coot. A rare migrant. One

record. May 16, 1924, Carl Gilpin and I found a ten-year-old lad

dragging a coot along the edge of the water of the White River in

Irondale. He said that he caught it in one of the pools of the Still-

well gravel pit in Irondale and that it was rather common there. We
made a number of trips to the gravel pit but never were able to get

another record of this species.

VI. Order LIMICOLAE, Shore Birds.

16. (228) Philohela minor (Gmel.), Woodcock. A rare migrant

and a possible rare summer resident. Although no records have been

personally taken in Madison County, I have found the woodcock near

Madison County and find, from a number of inquiries, that the bird

is seen rarely during the spring and fall migrations and very rarely

during the summer.

17. (230) Gallinago delicata (Ord), Wilson's snipe. A rare mi-

grant. Two records, one at Pendleton near Idlewold, April 22, 1922, and

another in one of the ponds beyond the Arvac (Remy Plant No. 2)

May 2, 1924, when four individuals were seen.

18. (248) Calidris leucophaea (Pal.), Sanderling. A rare migrant.

One record, May 5, 1924, near Irondale.

19. (256) Helodromas solitarius solitaries (Wils.), Solitary sand-

piper. A rare migrant. One record, on the edge of a pool (in the hol-

low of a farm lot during the spring rains) beyond the New East Maple-

wood Cemetery, on May 11, 1922.

20. (263) A ctitis macularius (L.), Spotted sandpiper. A common

summer resident along White River and along any of the pends of the

county April 17 to October 10.
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21. (273) Oxyechus vociferus (L.), Killdeer plover, Common sum-

mer resident, Mar. 14 to Nov. 30.

VII. Order GALLINAE, Gallinaceous Birds.

22. (289) Colinus virginianus virginianus (L.), Bob-White or

quail. Frequent to common permanent resident. Seen and heard in all

parts of the county. It seems to be increasing in numbers during the

last few years.

VIII. Order COLUMBAE, Pigeons and Doves.

23. (316) Zenaidura macroura carolinensis (L.), Mourning dove.

Common summer resident. Found in all parts of the country Mar. 18

to Oct. 20. On May 4, 1923, a nest with 2 eggs, was found on the

ground on a side hill near the Ridge Road.

IX. Order RAPTORES, Birds of Prey.

24. (325) Cathartes auro septentrionalis Wied, Turkey vulture.

A frequent summer resident or possibly a rare permanent resident. One
record of the "buzzard" in Madison County near Perkinsville in October,

1919. However, I have had a number of reports from farmers residing

outside of Anderson that show that the "buzzard is frequently seen in

summer and very rarely seen in the winter."

25. (333) Accipiter cooperi (Bon.), Cooper's hawk. Common resi-

dent, found in all parts of the county.

26. (337) Buteo borealis borealis (Gmel.), Red-tailed hawk. Fre-

quent permanent resident. Usually seen outside of town, although fre-

quently observed flying high over Anderson or Pendleton. On Apr. 12,

1924, Carl Gilpin and I saw five of these birds flying low over Wood-
lawn Heights.

27. (339) Buteo lineatiis lineatus (Gmel.), Red-shouldered hawk.

Frequent permanent resident. Seen at Miller's farm, and in or over

woods outside of Anderson. Usually seen at great heights soaring

lazily along.

28. (360) Falco sparverius sparverius (L.), Sparrow hawk. Rare
to frequent summer resident. Near Nicholson File Company, Apr. 15,

1922; Ridge Road, Apr. 21, 1923; Irondale, May 3, 1924; Mounds, June

12, 1924.

29. (365) Aluco pratincola Bon., Barn owl. A very rare visitant.

A farmer living between Anderson and Alexandria said that he had
had a barn owl (gave a good description of it) living in his barn during

winter of 1920. I have not seen the bird in Madison County.

30. (368) Strix varia varia Bart., Barred owl. Frequent per-

manent resident. Very few records of this species in the county. In

the spring of 1922, Henry Klus, living on Alexandria Pike, reported one

that had lived in his water-tower for two years. Identified the bird

on June 12, 1922, as he came out of the tower just before dusk. Mr.

Klus said that the bird came out at the same time every evening and
after sitting on the top of the water tower for a short time flew to

the woods to the east of the road. The bird was never seen to go into

the tower, so evidently it went in before daybreak.
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31. (373) Otus asio (L.), Screech owl. Common permanent resi-

dent. The number of records that I have are best represented by two
records, one in Pendleton Nov. 23, 1923, when I found a brown phase

screech owl in mid-day and another on June 12, 1924, also in Pendleton

(just at dusk) when I found a gray phase screech owl family of five,

with the three young nearly grown. They were in a large maple tree

on the edge of town. The adults were feeding them.

32. (375) Bubo virginianus virginianus (Gmel.), Great horned

owl. A rare permanent resident. The only record I have was received

from a farmer near Middletown in the fall of 1919. He said that the

year before an owl that he well described as the great horned owl

(from size, coloration and ear tufts) lived in the woods on the back

part of his farm.

33. (376) Nyctea tyctea (L.), Snowy owl. Rare winter resident,

very rare permanent resident. I have one record of this bird in the

county. When returning to Anderson from a farm northeast of the

city with Dr. C. A. Walton in October, 1921, we saw something fly in

front of us, so we stopped to investigate and found this large snowy
owl perched on a fence post across the road.

X. Order COCCYGES, Cuckoos and Kingfishers.

34. (387) Coccyzus americanus americanus (L.), Yellow-billed

cuckoo. A frequent to common summer resident. May 1 to Sept. 25.

I have the following records of yellow-billed cuckoos in Madison County:

Sept. 25, 1921, at Woodlawn; May 20, 1922, at the Mounds; May 27,

1922, along Kilbuck Creek; June 10, 1922, on way to Mounds, Miller's

Farm; June 17, 1922, Pvose Hill; June 24, 1922, and May 1, 1923, at

Moss Island. None were seen in 1924.

35. (388) Coccyzus erythrophthalmus (Wils.) , Black-billed cuckoo.

May 6 to June 12. Woodlawn, May 6, 1922, Kilbuck, May 27, 1922;

Irondale, June 10, 1922; Mounds, June 12, 1924.

36. (390) Ceryle alcyon alcyon (L.), Belted kingfisher. Common
permanent resident. Rarely found away from the river but very com-

mon along the entire White River in the county at any time of the

year.

XI. Order PICI, Woodpeckers.

37. (393a) Dryobates villosus leucomelas (L.), Northern hairy

woodpecker. Frequent permanent resident. This bird is frequently seen

in the city of Anderson during the winter but as soon as food becomes

more abundant and nesting season approaches the hairy woodpecker

retires to the thick woods and is seldom seen. The latest date seen in

town is Apr. 12, 1924. Found at Woodlawn Apr. 19, 1924 and from
that time on only in the deep woods at Idlewold, Moss Island, Kilbuck,

Irondale, Mounds, and Miller's Farm.
38. (394c) Dryobates pubescens medianus (L.), Downey wood-

pecker. A common permanent resident. Much like the previous species

in habit although much more common in numbers. One of the most com-

mon species in the city during the winter but an inhabitant of deeper

woods for nesting. Nesting occurs most commonly at the Mounds, Moss
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Island, Shadyside Park along Kilbuck Creek, Miller's Farm or any

wooded areas in the county.

39. (402) Sphyrapicus varins varius (L.), Yellow-bellied sap-

sucker. Frequent migrant. Apr. 3 to May 11 and Sept. 20 to Oct. 20.

Most often found at the Mounds and at Woodlawn.

40. (406) Melanerpes erthrooephalus (L.), Red-headed wood-

pecker. A common summer resident. Apr. 3 to Oct. 1. This woodpecker

is adapting himself to changing conditions, for nearly 80 per cent of red-

headed woodpeckers' holes are now made in telegraph poles along road-

ways while 50 years ago the red-head's holes were to be found in dead

trees.

41. (409) Centurits carolinus (L.), Red-bellied woodpecker. A
rare permanent resident. In four years I have found only two pairs

of these birds, the first in heavy woods along the right-of-way of the

Anderson-Muncie Traction Line about two miles beyond East Maple-

wood Cemetery, and the other at Idlewold, near Pendleton, on Apr. 3,

1924, and later at the same place June 9, 1924. I have no report of

anyone else ever having found the reel-bellied woodpecker in the county.

42. (412a) Calaptes auratus luteus Bangs, Northern Flicker. A
common to abundant summer resident. Apr. 4 to Oct. 20. Fifty miles

south the flickers may be a permanent resident but I have been unable

to find any staying all winter in Madison County.

XII. Order MACROCHIRES, Goatsuckers, Swifts, and Humming-birds.

43. (417) Antrostomus vociferus vociferus (Wils.), Whip-poor-
will. A rare to frequent summer resident. Although I have heard the

whip-poor-will in Madison County on innumerable occasions, I have
never been able to actually see it.

44. (420) Chordeiles virginianus virginianus (Gmel.) , Nighthawk.
A common summer resident. May 5 to Sept. 18. Often seen at all times

of day or night flying over the Farmer's Trust Building.

45. (423) Chaetura pelagica (L.), Chimney swift. Common sum-
mer resident. Apr. 15 to Oct. 1. Many of them nest in the chimneys
of the large factories on the edge of the city.

46. (428) Archilochus colubris (L.) , Ruby-throated hummingbird.
Frequent summer resident. May 7 to Sept. 25. Found both in the city

and in the country.

XIII. Order PASSERES, Perching Birds.

Family Tyrannidae, Tyrant Flycatchers.

47. (444) Tyrannas tyrannus (L.), Kingbird. Frequent to com-
mon summer resident. Apr. 12 to Sept. 10.

48. (452) Myiarchus crinitus (L.), Crested flycatcher. Frequent
summer resident. Maplewood Cemetery, Apr. 29, 1922; Ridge Road, May
17, 1924, and Woodlawn, May 21, 1924.

49. (456) Sayornis phoebe (Lath.), Phoebe. Common summer
resident. Apr. 4 to Oct. 20. Found most frequently along the water-
ways.

50. (459) Nuttallornis borealis (Swains.), Olive-sided flycatcher.
Rare migrant. Four records as follows: Pendleton, Apr. 25, 1923;
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Ridge Road, Apr. 21, 1923; Irondale, May 16, 1924; Ridge Road, May
17, 1924.

51. (461) Myiochanes virens (L.), Wood pewee. Common to

abundant summer resident. Apr. 3 to Oct. 1.

52. (463) Empidonax flaviventris Baird, Yellow-bellied flycatcher.

Rare to frequent migrant. May 3 to 24. Three records of this species

as follows: May's Estate, May 3, 1922; Mounds, May 3, 1923; and

Mounds, May 24, 1924.

53. (465) Empidonax virescens (Vieill.), Acadian flycatcher.

Often called the green-crested flycatcher. Rare summer resident. Four
records of this species as follows: Mounds, May 7, 1922; Irondale, May
2, 1923; Irondale, May 7, 1924; Idlewold, May 24, 1924.

54. (466a) Empidonax trailli alnowum Brew., Adler flycatcher.

The eastern form of the western trails flycatcher. Rare migrant May
17 to June 17 and very rare summer resident. Four records as follows:

Miller's Farm, June 17, 1922; Ridge Road, May 17, 1924; Mounds, May
24, 1924; 12th Street to Irondale, May 28, 1924.

55. (467) Empidonax minimus Baird, Least flycatcher. Frequent

migrant and rare summer resident. Zones 2b and 3b. Apr. 15 to June 2

and Sept. 5 to Sept. 21.

Family Corvidae, Crows and Jays.

56. (477) Cyanocitta cristata cristata (L.), Blue Jay. Common
permanent resident. I know of one pair that lived in the same tree on

12th Street for over six years. During nesting season from latter part

of March to latter part of May the Blue Jays usually withdraw to the

thicker woods outside the city. Many can be seen at these times at

Woodlawn and from 12th Street to and beyond the Mounds. Idlewold is

another favorite place of the Blue Jays.

57. (488) Corvus brachyrkynchos brachyrhynchos Brehm, American

crow. Common permanent resident. More common in summer than

winter and usually more common in spring and fall when great flocks of

them, often over a hundred, go through in migration. March and Sep-

tember are the months that I have seen the largest flocks. The nesting-

season is April and May.

Family Sturnidae, Starlings.

(493) Sturnus vulgaris L., Starling. There have been, as far as

I know, no reports of the starling in Madison County but during 1924

there have been a number of reports of this bird in the western part

of Ohio, so with all probability the starling will be considered a resident

within five years.

Family Icteridae, Blackbirds and Orioles.

58. (494) Dolichonyx cryzivoris (L.), Bobolink. Frequent to com-
mon summer resident. May 12 to Sept. 5. Some years this bird is

fairly common, then again it does not seem to be more than frequent.

59. (495) Molothrus atcr ater (Bodd.), Cowbird. Common sum-
mer resident. Apr. 6 to Oct. 20. The most common nests in Madison
County in which I have found cowbird's eggs have been, the song spar-

row, brown thrasher and towhee. I found a nest of a towhee at
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Woodlawn Heights during the first week of May with eight eggs of

which three were those of the cowbird. At Riverside Park in Indian-

apolis May 20, 1922, 1 found a song sparrow's nest with three stories,

one upon the other, in each of the two nests upon which the final nest

was built were two cowbird's eggs and in the top nest where the female

song sparrow was sitting were four eggs, one of which was a cow-

bird's.

60. (498) Agelaius phoenioeus phoeniceus (L.), Red-winged black-

bird. A common summer resident and a possible permanent resident.

Apr. 3 to Nov. 25. This bird is very abundant during migration during

the later part of March and April but during the first part of May they

seem to be gone. The best places to find these birds during nesting

season are the ponds beyond the old Arvac plant, the pond and reeds

near the Mounds, the pond east of Moss Island and the swamps in the

old quarries on the Ridge Road.

61. (501) Sturnella magna magna (L.), Meadowlark. Very

abundant summer resident and rare permanent resident. Feb. 10 to Oct.

10. They can be found at Woodlawn as early as February and as late

as October but greater numbers do not come in migration until March
and April.

62. (506) Icterus spurius (L.), Orchard oriole. Rare summer
resident. Three records of the orchard oriole as follows : near Moss

Island, June 10, 1921; May's Estate, May 3, 1922; near Glen Echo

Bridge near the Mounds, May 24, 1924.

63. (507) Icterus galbula (L.), Baltimore oriole. Abundant sum-

mer resident. May 6 to Sept. 1. This species may be heard in full song

in Anderson during May, June and July and often in August after the

nesting season.

64. (509) Euphagus carolinus (Mull.), Rusty blackbird. A rare

migrr.nt. My few records of this bird are as follows: April 6, 1921, a

flock of 11 along Kilbuck Creek; March 18, 1922, a flock of about 20 be-

yond Maplewood Cemetery; Apr. 29, 1922, a flock of eight at the same
place; April 18, 1923, 12 were seen beyond the cemetery but none in

1924.

65. (511b) Quisculus quiscula, aenus Ridg., Bronzed grackle. An
abundant summer resident and possible rare permanent resident. Jan.

23 to Nov. 11. These birds roost by the hundred during spring and
fall in the shade trees of Anderson. Their greatest roost in the county

is at Maplewood Cemetery near Anderson, where on several occasions

during April, May and June there were over 400, as many as 50 roost-

ing in a single tree.

Family Fringillidae, Finches and Sparrows.

66. (517) Carpodacns purpureus purpureas (Gmel.) , Purple finch.

Rare migrant. While I have been on the watch for this bird for years

I have been able to make only two records of it. Both were made at

East Maplewood Cemetery in the spring, the first, Apr. 29, 1922, when
a flock of about 10 were seen, and the second was obtained on Apr. 30,

1924, during a rather heavy rain when 15 of them, both male and female,

were seen.
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67. (529) Astragalinus tristis tristis (L.), American goldfinch.

An abundant summer resident and rare permanent resident. Apr. 19

to Oct. 10.

68. ( — ) Passer domesticus (L.), English or house sparrow.

Very abundant at all times of the year. Nearly as abundant in the

country, where they are driving native birds away.

69. (540) Pooecetes gramineus gramineus (Gmel.), Vesper spar-

row. Rare summer resident. While the vesper sparrow is a common
summer resident in many places I have in the last four years only three

records as follows: Moss Island, May 24, 1922; along White River

southeast from the 12th Street Bridge, April 29, 1924; and May 24 at

the Mounds.

70. (542a) Passerculils sandwickensis savanna (Wils.), Savannah
sparrow. Rare migrant. One record, Woodlawn on May 12, 1924. I

believe that this sparrow may be found more plentiful in the country if

special search be made.

71. (546) Ammodramus savannamm australis May., Grasshopper

sparrow. Rare summer resident. The two records are as follows: An-
derson, June 11, 1922, and the Mounds, May 24, 1924.

72. (547) Passerherbidus hensloivi henslouri (And.), Henslow's

sparrow. Rare migrant or possible summer resident Apr. 25 to May 6.

1 saw a pair of these birds in an alley in town where they stayed for

about two weeks and then disappeared. They were seen Apr. 25, May
2 and May 6, 1924.

73. (553) Zonotrichia querula (Nutt.), Harris Sparrow. A very

rare migrant. May 27 to 30. I never expected to see this sparrow in

Madison County but I have two records, the first made in the eastern

part of the county beyond Park Place May 30, 1922, and then again

on the Ridge Road May 27, 1923. In the first case we saw a flock of

about a dozen, some males and some females, and in the second case two

males and three females together.

74. (554) Zonotrichia leucophrys leucophrys (Forst.), White-

crowned sparrow. A frequent migrant, Apr. 19 to May 16 and Oct. 7

to 20.

75. (558) Zonotrichia albicollis (Gmel.) , White-throated sparrow.

A common migrant, much more common than the previous species. Apr.

15 to May 20 and Oct. 7 to 20. When the white-throat migration begins

it descends in numbers and while it lasts, a great many will be seen

both in the spring and fall until the disappearance, which is as sudden

as the appearance.

76. (559) Spizella monticola monticola (Gmel.), Tree sparrow.

Common winter resident. Oct. 10 to May 3.

77. (560) Spizella passe?ina passerina (Bech.), Chipping spar-

row. A common summer resident. Apr. 5 to Oct. 20.

78. (563) Spizella pusilla pusilla (Wils.), Field sparrow. A com-

mon to abundant summer resident. Apr. 1 to November.

79. (567) Junco hyemalis hyemalis (L.), Slate-colored junco. An
abundant winter resident. Sept. 28 to May 2.

80. (581) Melospiza melodia melodia, (Wils.), Song sparrow.

Abundant migrant and common summer resident. Possible permanent



Birds of Madison County 349

resident. Mar. 14 to Nov. 6. I banded a song- sparrow at Pendleton

Dec. 24, 1924.

81. (583) Melospiza lincolni lincolni (And.), Lincoln's sparrow.

A rare migrant. Three records at Woodlawn, April 29, 1922, May 14,

1923, and April 4, 1924.

82. (584) Melospiza georgiana (Lath.), Swamp sparrow. A rare

migrant. Only one record, May 24, 1924, when two were seen on the

flats beyond the Mounds.

83. (585) Passerella iliaoa iliaca (Merr.), Fox sparrow. A com-

mon migrant. Apr. 1 to May 13.

84. (587) Pipilo erythrophthahnus erythropthalmus (L.), Tow-

hee. Abundant summer resident. Apr. 1 to Nov. 22.

85. (593) Cardinalis cardinalis cardinalis (L.), Cardinal. Com-
mon permanent resident. Found in winter near the old mill near the

Delaware Bridge.

86. (595) Zamelodia ludoviciana (L.), Rose-breasted grosbeak.

Rare to frequent migrant. May 7 to 17 and Sept. 17. Usually found

along the White River Valley.

87. (598) Passerina cyanea (L.), Indigo bunting. A common
summer resident. Apr. 18 to Oct. 20.

88. 604) Spiza americana (Gmel.), Dickcissel. Frequent to com-

mon summer resident. May 15 to Oct. 1.

Family Tangaridae, Tanagers.

89. (608) Piranga erythomelas (Vieill.) , Scarlet tanager. A
frequent to common summer resident. May 3 to fall (?). These birds

have been seen consistently in two places, at the Mounds and at Wood-
lawn Heights.

90. (610) Piranga ruba ruba (L.), Summer tanager. A very

rare migrant. Only two records, Apr. 6, 1921, and Sept. 17, 1921, both

found at Woodlawn.

Family Hirundinidae, Swallows.

91. (611) Progne subis subis (L.), Purple martin. A common sum-
mer resident in certain localities of Madison County. Apr. 15 to Sept.

10. The oldest record in the county that I have is the colony that is

to be found at present at Mr. William Morches' home at the File Works.
He tells me that his mother put out several houses 20 years ago and
had some difficulty for several years in drawing the martins to them,

but they finally came and kept coming until in 1922 the colony had
three big houses and consisted of over 200 martins. There are a num-
ber of other smaller colonies in the county.

92. (612) Petrochelidon lunifrons luniforons (Say.), Cliff swallow.

A rare summer resident. Two records, one June 10, 1922, at Chester-

field where six were observed and April 29, 1924, when four were seen

flying over the river near Irondale.

93. (613) Hirundo erythrogastra (Bodd.), Barn swallow. A rare

to frequent summer resident. On June 4, 1921, south of Pendleton a

pair was seen; also south of Pendleton on June 19, 1922, four were

seen; a male was seen Apr. 20, 1923, within a mile of Pendleton; and

May 13, 1924, a pair was seen flying over the river near Irondale.
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94. (614) Iridoprocne bicolor (Vieill.), Tree swallow. A very

rare migrant. Only two records; Apr. 7, 1921, a flock of about 20 was
seen south of the Mounds and April 10, 1923, a flock of about 35 was
seen on telephone wires near Markleville.

95. (616) Riparia riparia (L.), Bank swallow. An abundant
summer resident. Apr. 12 to Oct 1. Found all along White River.

Some of the best nesting places being: the old bank south of the

Country Club, the banks at the Mounds, a number of banks along the

Ridge Road and the banks across the river beyond Chesterfield.

96. (617) Stelidopteryx serripennis (And.), Rough-winged swal-

low. A rare summer resident. One record, May 14, 1923, when five of

these birds were identified over the river near Woodlawn.

Family Bombycillidae, Waxwings.

97. (619) Bombycilia cedrorum (Vieill.) , Cedar waxwings. Erratic

rare or frequent summer resident. No records in 1921. In 1922 the

first record was May 13 at Mounds when a pair was seen. June 3 of

the same year five were seen together "kissing" near Shadyside Park,

and two were seen June 12 near Irondale on way to Mounds. In 1923

three were seen near the Madison Avenue Bridge on May 7. Other

observers reported several in 1924 but I did not see any that year.

Family Laniidae, Shrikes.

98. (622e) Lanis ludovicianus migrans (Palm.), Migrant shrike.

Frequent summer resident. In the southern part of the county, June

19, 1922; near Fortville, Mar. 1, 1923; on the outskirts of town near

Irondale, Apr. 30, 1924; three were seen on a wire in the southern part

of the county on the way to Newcastle, May 17, 1924. Mr. Charles

Nuckols reported 40 to 50 of these birds in groups of twos in all parts

of the county in 1922. Mr. Charles Henninger reported a pair living

south of Pendleton during the spring and summer of 1924.

Family Vireonidae, Vireos.

99. (624) Vireosylva, olivaceo (L.), Red-eyed vireo. Common sum-

mer resident. May 2 to Oct. 1.

100. (626) Vireosylva philadelphica (Cass.), Philadelphia vireo.

Rare migrant. Only one record obtained, at Woodlawn May 21, 1924.

101. (627) Vireosylva gilva gilva (Vieill.) , Warbling vireo. Fre-

quent to common summer resident. May 1 to Oct. 7.

102. (628) Lanivireo flavifrons (Vieill.), Yellow-throated vireo.

Frequent migrant and rare summer resident. May 6 to 13 and Sept.

5 to Oct. 10.

103. (629) Lanivireo solitarius solitarius (Wils.), Blue-headed

vireo. Rare to frequent migrant. Apr. 30 to May 21. Sept. 20, 1921,

is the only fall record of this bird but the spring records are as follows:

May 12, 1922, at May's; Apr. 30, 1923, at Maplewood; and the follow-

ing in 1924: May 4, east side of river from 12th street, south; May 5,

at the same place; May 7, from 12th street to Irondale on the west side

of the river; May 17, on the Ridge Road; and May 21, at Woodlawn.

104. (631) Vireo griseus griseus (Bodd.), Red-eyed vireo. Fre-

quent summer resident. May 2 to September 21.
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Family Mniotiltidae, Wood Warblers.

The second and third weeks in May is the real warbler migration

period. About 30 species of warblers may be seen in Madison County.

105. (636) Mniotilda varia (L.), Black and white warbler. Com-
mon migrant. Apr. 29 to May 28 and Sept. 5 to 21. Maplewood Ceme-

tery is one of the best places to find them.

106. (637) Protonotaria ritrea (Bodd.), Prothonotary warbler.

A rare migrant and very rare summer resident. Only three records

—

at the Mounds May 10, May 21 and June 12, 1924.

107. (639) Helmitheros vermivorus (Gmel.), Worm-eating warb-

ler. A rare migrant. Two records: the first, June 3, 1922, at Chester-

field, when three males were seen, and on April 21, 1923, about a dozen

were seen along the Ridge Road.

108. (641) Vermivora pinus (L.), Blue-winged warbler. Fre-

quent to common migrant. In 1922 this species was seen on the low

ground along the river just beyond Mounds on May 7. This place is

one of the best places for warblers in the county. In 1924 four were
seen May 4 on the east side of the river south of the 12th Street Bridge;

four were seen May 10 along the west side of the river between 12th

Street Bridge and the Mounds, and four others were seen May 12 be-

twen the 12th Street Bridge and Irondale.

109. (642) Vermivora chrysoptera (L.), Golden-winged warbler.

A rare to frequent migrant. Seen for the first time on the flats be-

yond the Mounds on May 7, 1922, and then in 1924, 20 were seen to-

gether on May 11 between the Mounds and Irondale, and four were
seen at Woodlawn on May 21.

110. (645) Vermivora rubricapilla rubricapilla (Wils.) , Nashville

warbler. A very rare migrant. One record, that of May 11, 1924, when
ten of them were seen along the river between the Mounds and the 12th

Street Bridge.

111. (650) Dendroica tigrina (Gmel.), Cape May warbler. Rare
to frequent migrant. May 7 to 17. On May 16, 1922, at Moss Island

several were seen. In 1924 five records as follows were made—May 7,

ten were seen along river near Irondale; May 11, ten were seen on the

way to the Mounds; May 12, six were seen near Irondale; May 17, four

were seen on the Ridge Road.

112. (652) Dendroica aestiva aestiva (Gmel.), Yellow warbler. A
common summer resident. Apr. 27 tc Aug. 23. A nest with four eggs
was found the first of May, 1923, near the Delaware Street Bridge within

ten feet of where several boys were fishing. The next year a similar

nest, occupied, was found in the same tree on May 4.

113. (654) Dendroica caerulescens caerulescens (L.), Black-

throated blue warbler. Rare to frequent migrant. On Apr. 30, 1923, at

East Maplewood Cemetery, about 30 were seen. One year later to the

day, several were seen at the same place.

114. (655) Dendroica coronata (L.) , Myrtle warbler. Common to

abundant migrant. Apr. 5 to May 21 and Sept 10 to 21.

115. (657) Dendroica magnolia (Gmel.) , Magnolia warbler. Com-
mon migrant. May 7 to 28 and Sept. 5 to Oct. 1.
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116. (658) Dendroica cerulea (Wils.), Cerulean warbler. Rare
migrant. Only once have I seen this species, on Apr. 22, 1922, at the

Mounds, where I saw three males.

117. (659) Dendroica pensylv.anica (L.), Chestnut-sided warbler.

Frequent migrant. May 6 to 28. I have one fall record, that of Sept.

20, 1921, at Woodlawn, when nearly a dozen were seen. Three spring

records show that two were seen at New East Maplewood Cemetery

on May 6, 1924; eight on May 21 of the same year at Woodlawn, and
four were seen along the river from the 12th Street Bridge to Irondale

on May 28, 1924.

118. (660) Dendroica castanea (Wils.), Bay-breasted warbler.

Rare to frequent migrant. Two records: at Woodlawn May 7, 1923,

several were seen and on may 17, 1924, 12 were seen.

119. (661) Dendroica striata (Forst.), Black-poll warbler. A
rare to frequent migrant. On May 3, 1922, several were seen at Wood-
lawn. In Sept., 1923. a male was seen in town. In 1924, on May 4,

two were seen near Irondale and on May 7, eight of both sexes were

also seen there.

120. (662) Dendroica, fusca (Miill.), Blackburnian warbler. A
frequent to common migrant. May 10 to 21. On May 12, 1922, two

were seen in town. Another was seen May 12, 1923, at Woodlawn. No
fall records have been made, but in 1924 the following spring records

were secured: May, over 50 were seen in a grove north of the Mounds;

on May 11 about 39 were seen between the Mounds and Irondale; on

May 13 six were seen between 12th Bridge and Irondale; on May 17

on the Ridge Road ten different species of warblers were seen togethr

in a grove, among them being Chestnut-sided, Magnolias, Cape-Mays
and ten Blackburnian warblers; on May 21 ten Blackburnian warblers

were seen at Woodlawn and on May 24 a male was caught in the engine

room of a local light plant.

121. (667) Dendroica virens (Gmel.), Black-throated green warb-
ler. Common migrant. May 3 to 19. Several were seen May 19, 1923,

at Woodlawn. On May 3, 1924, four were seen between the Mounds
and Irondale; on May 10, 30 were seen between the same places; on

May 17, two were seen with the other warblers on the Ridge Road, and

two more were seen on May 28 along the river beyond 12th Street

Bridge southeast.

122. (671) Dendroica vigorsi vigorsi (And.), Pine warbler. A
very rare migrant. On Apr. 8, 1922, several were seen at Woodlawn.

123. (672) Dendroica palmarum palmarum- (Gmel.) Palm warb-

ler. Frequent migrant. Apr. 21 to May 15. Seen Apr. 21, 1923, on

Ridge Road; May 2, 1923, at Pendleton; May 2, 1924, at the Arvac;
May 4, 1924, near 12th Street Bridge, and May 5, near Irondale.

124. (674) Seiurus aurocapillus (L.), Oven bird. Frequent sum-
mer resident. Seen Sept. 25, 1921, and May 3 and 10, 1924, near

Mounds.

125. (675) Seiurus noveboracensis noveboracensis (Gmel.) , Water-
thrush. Rare migrant. Seen May 17, 1922, at Moss Island; Apr. 20,

1923, at Pendleton; and May 3, 1924, at the Mounds and at Irondale.
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126. (676) Seiurus motacilla (Vieill.), Louisiana water-thrush.

A rare migrant. Seen May 7 and 24, 1923, at Mounds and May 21, 1923,

at Woodlawn.
127. (678) Oporornis agilis (Wils.) , Connecticut warbler. Avery

rare migrant. Two were seen May 3, 1924, at the Mounds.

128. (679) Oporornis Philadelphia (Wils.), Mourning warbler.

A very rare migrant. Seen May 14, 1924, at Kilbuck Creek; May 20

and 24, 1924, at the Mounds.

129. (681) Geothlypis trichas trichas (L.), Maryland yellow-

throat. A common to abundant resident. Apr. to Oct 10.

130. (683) Icteria virens virens (L.), Yellow-breasted chat. A
rare summer resident. Seen Sept 22, 1921, at Woodlawn, and May 7,

1922, at the Mounds.

131. (685) Wilsonia pusilla pusilla (Wils.), Wilson's warbler.

Frequent migrant or possible rare summer resident. Seen at the

Mounds May 20 and 24 and June 2, 1924; also June 12, 1924, at

Woodlawn.
132. (686) WUsonia canadensis (L.), Canadian warbler. A com-

mon migrant. Seen May 7, 1922, at the Mounds; May 5, 1924, near

12th Street Bridge; May 10, 20 and 24, 1924, near the Mounds.
133. (687) Setophaga, ruticilla (L.), American redstart. A com-

mon migrant and rare to frequent summer resident. May 3 to June 15

and Aug. 28 to Sept. 17.

Family Mimidae, Thrashers, Mockingbirds and Catbirds.

134. (704) Dnmetella carolinensis (L.), Catbird. An abundant
summer resident. Apr. 3 to Sept. 28. Both this and the following bird

often nest in bushes on lawns in town.

135. (705) Toxostoma rufum (L.), Brown thrasher. Common
summer resident. Apr. 4 to Oct. 8.

Family Trqglodytidae, Wrens.

136. (718) Thryothorus ludovicianus ludovicianus (Lath.), Caro-
lina wren. Rare permanent resident. Several seen beyond Chesterfield
on June 10, 1922, and a pair in Anderson May 7, 1924.

137. (719) Thryomanes bewicki bewicki (And.), Bewick's wren.
A very rare summer resident. One record, Apr. 30, 1923, at Woodlawn.

138. (721) Troglodytes aedon aedon (Vieill,), House wren. Com-
mon to abundant summer resident. Apr. 8 to Sept. 18.

139. (724) Cistothorus stellaris (Naum.), Short-billed marsh
wren. A rare summer resident. Seen Apr. 15, 1922, May 2 and 10,

1924, in swamp near Arvac.

140. (725) Telmatodytes palustris palustris (Wils.), Long-billed
marsh wren. A rare summer resident. Seen June 16, 1922, at Miller's

Farm and May 1, 1923, at Moss Island.

Family Certhiidae, Creepers.

141. (726) Certhia familiaris americana (Bon.), Brown creeper.
A common winter resident. Sept. 10 to May 20.

23—35508
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Family Sittidae, Nuthatches.

142. (727) Sitta carolinensis carolinensis (Lath.) , White-breasted

nuthatch. A common winter resident and frequent summer resident.

Sept. 18 to June 12. On June 12, 1924, Carl Gilpin and I found a pair

with three young in an old oak near the Mounds. Very common in

Anderson during winter.

143. (728) Sitta canadensis (L.), Red-breasted nuthatch. A rare

migrant and winter resident. Seen Apr. 1, 1924, near the Mounds.

Family Paridae, Titmice.

144. (731) Baeolophus bicolor (L.), Tufted titmouse. A frequent

to common permanent resident. Not as common in winter and summer
as they are during the migrations. More have been seen in April, May
and September than any of the other months.

145. (735) Penthestes atricapillus atricapillus (L.) , Black-capped

chickadee. A rare permanent resident and common winter resident.

Sept. 1 to May 1. A number of nests have been found at the Mounds
and at Woodlawn.

146. (736) Penthestes carolinensis carolinensis (And.), Carolina

chickadee. A frequent to common resident. June 10, 1921, at Chester-

field, May 12, 1923, at Woodlawn, and from May 3 to June 12, 1924, at

both Woodlawn and the Mounds.

Family Sylviidae, True Warblers.

(Commonly known as the old-world warblers, kinglets and gnatcatchers.)

147. (748) Regains satrapa satrapa (Licht.), Golden-crowned

kinglet. A common migrant. Apr. 3 to May 1. No fall records.

148. (749) Regains calendula calendula (L.), Ruby-crowned king-

let. A common migrant. Apr. 6 to May 6 and Sept. 18 to Oct. 18.

149. (751) Polioptila caerulea caerulea (L.), Blut-gray gnat-

catcher. Rare to frequent migrant. Apr. 29 to May 4.

Family Turddidae, Thrushes and Bluebirds.

150. (755) Hylocichla mustelina (Gmel.), Wood thrush. A com-

mon summer resident. Mar. 14 to Oct. 1.

151. (756) Hylocichla fuscescens fuscesce?is (Steph.), Veery or

Wilson's thrush. Frequent migrant. Apr. 15 to May 27. Only one fall

record, that of Sept. 13, 1923, at Woodlawn.
152. (757) Hylocichla aliciae aliciae (Baird), Gray-cheeked

thrush. A frequent migrant. Apr. 25 to May 24. Woodlawn, Maple-

wood Cemetery and the Mounds are very good for all the thrushes

during migration.

153. (758a) Hylocichla ustulata swainsoni (Tsch.), Olive-backed

thrush. Frequent migrant. Apr. 30 to May 10.

154. (759b) Hylocichla guttata pallasi (Cab.), Hermit thrush.

A frequent to common migrant. Apr. 4 to May 6 and Oct 1 to Nov 10.

155. (761) Planesticus migratorius migratorius (L.), Robin. An
abundant summer resident and not infrequent permanent resident. Feb.

23 to Dec. 28.

156. (766) Sialia sialis sialis (L.), Bluebird. Frequent to com-

mon summer resident and rare permanent resident. Feb. 23 to Oct. 20.
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Supplementary List."

Order HERODIONES, Herons and Bitterns.

1. (196) (?) Herodias egretta Gmel., American egret. Accidental

visitant. A pair was seen flying over Anderson July 30, 1925. One of

the pair, in attacking an aeroplane broke its wing and was secured in

a swamp southwest of the city, it was placed in the veterinary hos-

pital of Dr. H. A. Smith where it died four days later. It was identified

by Mrs. H. P. Cook of Anderson. There is some doubt as to this being

the egret. Possibly it might have been an immature little blue heron.

Order RALLIDAE, Rails and Gallinules.

2. (208) Rallus elegans (And.), King Rail. Rare migrant. One
was seen in a marsh beyond the old Arvac Plant (Remy Plant No. 2)

May 8, 1925, by Carl Gilpin.

Order LIMICOLAE, Shore Birds.

3. (239) Pisobio maculata (Vieill.), Pectorial sandpiper. Rare

to frequent migrant. Several were recorded by Carl Gilpin on May
2, 1925, and later on May 14, 1925, near the ponds beyond the old

Arvac Plant (Remy Plant No. 2).

4. (255) Tatemus flavipes (Gmel.), Yellow-legs. Frequent ci-

grant. Reported by Carl Gilpin between Apr. 25, when the first ones

were seen, and May 15, 1925. Seen both near the ponds beyond the old

Arvac Plant (Remy Plant No. 2) and the stone quarry near Moss Island.

Order RAPTORES, Birds of Prey.

5. (331) Circus hudsonius (L.), Marsh hawk. Rare summer resi-

dent. One was seen by Carl Gilpin south of Anderson Mar. 24, 1925.

Order PASSERES, Perching Birds.

Family Troglodytidae, Wrens.

8. (722) Nannus hiemalis hiemalis (Vieill.), Winter wren. Rare
migrant or possible winter resident. One seen at the New Maplewood
Cemetery Apr. 22, 1925, by Carl Gilpin.

3 Secured from other observers in 1925.
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FURTHER NOTES ON SUMMER BIRDS OF WINONA
LAKE.

Louis Agassiz Test, Purdue University,

and
Sidney R. Esten, Indiana University.

The summer of 1925 added several species to the list published in

1924 1
. A few species reported in that list as rare or probably occurring

were found in some numbers and a few species observed in previous years

were absent during- the past season.

In all, 19 species were added to the list, five of which had previously

been reported by others but not seen by us.

The following- are the species added:

Rallus virginianus. Virginia rail. Probably not common. Seen at

Winona Lake by Coggshell, Bolan and Ehlan.

Bubo virginianus. Great horned owl. Fairly common. Seen by

Esten four times during July in the woods near the Biological Station.

Nuttallornis borealis. Olive-sided flycatcher. Probably rare. One
seen by Esten and Ehlan in a meadow at the edge of the woods three-

fourths of a mile beyond Boy's City, July 25.

Ammodramus savannarum australis. Grasshopper sparrow. Not
common. July 19, in a meadow three miles east of Winona Lake. Seen

again July 25, in a meadow at the edge of a woods three-fourths of a

mile southeast of Boy's City.

Melospiza lincolnii. Lincoln's sparrow. Rare. Seen by Esten and

Ehlan July 25 in a meadow at the edge of a woods three-fourths of a

mile southeast of Boy's City.

Iridoprocne bicolor. Tree swallow. Not common. Several were

seen June 19 in a marsh on the west side of the lake. They were nest-

ing in woodpecker holes in an old stump 15 or 20 feet high. The young
were out of the nest June 23.

Lanivireo flavifrons. Yellow-throated vireo. Fairly common. Nest

near Funk's cottage which the young left June 14.

Lanivere solitarius. Blue-headed vireo. Seen and identified by Mrs.

Esten, July 24, near their tent on the high ground east of the Biological

Station.

Vireo griseus. White-eyed vireo. Not common. Seen by Esten

July 22, near their tent on the high ground east of the Biological Station.

Mniotilta varia. Black and white warbler. Rare. Seen in the woods
east of the Biological Station August 15. Considering the late date,

it is not improbable that this may have been a migrant on its way south.

Winona Lake should seem to be included in its nesting range.

Protonotaria citrea. Prothonotary warbler. Fairly common. Seen
several times during the summer of 1925, and a pair had a nest in one

of the posts at the boat house where they raised their young. The
1 Proceedings Ind. Acad. Sci., 1924.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926),"
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nest, which was built largely of moss, was in a hole about two feet above
the water.

Vermivora pinus. Blue-winged warbler. Fairly common. Seen
first July 25, near Esten's tent on the high ground east of the Biological

Station. Afterwards seen frequently during the rest of July and first

week in August. May nest.

Dendroica caerulea. Cerulean warbler. Fairly common. Seen a

number of times during the summer of 1925 and the identification was
positive. While no nests were found, it undoubtedly breeds at Winona.

Seiurus motacilla. Louisiana water thrush. Apparently rare. A
female was seen feeding young just out of the nest June 25, on the

banks of the Tippecanoe River, near the heronry three miles from
Warsaw.

Oporornis formosa. Kentucky warbler. Rare. One seen by Esten

August 13 in the woods east of the Biological Station. Considering the

date this may have been a migrating bird though it would not be sur-

prising to find it nesting.

Minus polyglottox. Mockingbird. Probably found occasionally in

this locality. During the summer one was seen by Lowell Coggshall

about 10 miles south of Winona Lake. June 12, one was seen from
the interurban, flying across a field about half way between Peru and

Winona Lake.

Thryothorus ludovicianus. Carolina wren. Fairly common. Seen

several times during the summer of 1925, along the stream at the foot

of Chestnut Street hill. Date first seen, July 21. Probably nests.

Thryomanes bewickii. Bewick wren. Rare. Nested on Miss Young's

porch in the spring of 1925. A young one was banded July 18 which

had been caught by Miss Young in a sparrow trap. One was also seen

July 25 in the meadow beyond Boys' City.

Polioptila caerulea. Blue-gray gnatcatcher. Not common. A few

were seen and two nests were found during the summer of 1925. One
nest was in an oak near Chicago Hill and the other near Kosciusko

Lodge.

On July 28 a pair of white herons were seen by Mr. and Mrs. Funk
along the shore beyond Boy's City bathing beach. They were too far

away to be identified. They might have been American egrets but more

probably were immature Little Blue Herons. A white heron was also

seen by Miss Louks at Webster Lake August 23.

Additional 1925 Notes on Birds Included in the List Published in

1924.

Hydrochelidmi nigra, surinamensis. Black tern. Common. A pair

seen on Winona Lake June 23 and others seen occasionally over the lake

from that time on. Probably nests in the region.

Botaurus lentiginosus. American bittern. Fairly common. A nest

with four half grown young was found June 14, in the marsh on the

west side of the lake near the new golf links.

Ardea herodias. Great blue heron. Common. A heronry containing

20 or 30 nests was visited June 25, 1925. It was situated in the thick

woods along the Tippecanoe River three miles north of Warsaw.
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Butorides virescens. Green heron. Fairly common the summer of

1925, especially during August. They were frequently seen along the

lake near the Biological Station.

Nycticorax nycticorax naevius. Black-crowned night heron. Rare.

One seen by the creek at the foot of Chestnut Street hill.

Rallus elegans. King rail. Not seen at all during the summer of

1925.

Fulica americana. American coot. Not common. One seen two

or three times early in July on the lake near the entrance to the

assembly grounds.

Colinus virginianus. Quail. A nest with 16 eggs found July 5, in

the marshy meadow near Boy's City beach.

Circus hudsonius. Marsh hawk. Nest with three young of different

ages, but all unable to fly, was found June 14, in the marsh on the west

side of the lake where a nest was found the previous year. The young-

were banded June 19 and early in August the youngest of them was
shot near Etna Green, 10 or 12 miles away. It was shot for a "chicken

hawk".

Buteo platypterus. Broad-winged hawk. Several seen during 1925.

One nest was found near the heronry. A family also lived in a small

woods a mile east of Winona Lake.

Falco sparverius. Sparrow hawk. A few were seen during the

summer of 1925. One was seen July 19 three miles east of Winona Lake.

Otus asio. Screech owl. Fairly common. A number were heard in

the woods near the Biological Station.

Dryobates villosus. Hairy woodpecker. Seen frequently near

Esten's tent east of the Biological Station. May have been a single

pair as they do not seem to be generally common.
Archilochus colubris. Ruby-throated hummingbird. Very common

as usual. Eight nests were found in 1925.

Telmatodytes palustris. Long-billed marsh wren. Common in cer-

tain localities. Found nesting in the marsh south of Boy's City and
the marsh by the gravel pits. Some 15 or 20 nests were found. One
incomplete nest July 8, and a nest containing eggs with incubation ad-

vanced August 1.
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TYPHOID FEVER EPIDEMIC AT WINONA LAKE
DURING THE SUMMEPv OF 1925.

Louis Agassiz Test, Purdue University.

There has been considerable typhoid fever at Winona Lake since the

Assembly was started 30 years ago, six well-defined epidemics having

occurred.

Only the summers of 1923 and 1924 were entirely free from the

disease. While most of the epidemics have been water-borne, usually

from polluted springs or wells, the epidemic of 1922 was due to milk,

infected by a carrier at one of the dairies.

As Winona Lake has many thousands of visitors each season besides

the 12 weeks' summer school for teachers, with an attendance of 500,

and the Indiana University Biological Station, an epidemic is likely

to prove very disastrous and spread the disease over a large territory.

The epidemic of 1925 began with three cases on June 22 and three

more on June 24. By July 8, 20 cases had occurred among people living

or working at Winona Lake, and by July 23, the number had risen to

30, including two or three in Warsaw, though Warsaw generally had
little typhoid. Only one case developed after July 23.

Early in July, reports began to come in of cases in various parts of

the country among people who had been at Winona Lake earlier in the

summer.

The Indiana State Board of Health made an investigation, sending

Dr. T. B. Rice on July 1 to study the situation.

It became evident at once that the infection was probably water-

carried. All milk used in Winona Lake is pasteurized and many of the

patients did not use milk. Flies were not unusually numerous. No one

boarding place seemed to have more cases than another. Indeed, many
of those sick lived and ate at home. The bathing beach was somewhat
polluted but probably not more so than during the two previous sum-
mers when no typhoid occurred and many of those taken sick had not

been in the lake at all.

The National Conference of the "Church of the Brethren" was
held at Winona Lake June 2 to 12, and it is said over 30,000 persons

visited the grounds during Sunday, June 7. This is a much larger

number than could be efficiently cared for with the facilities available.

Indeed, the water supply was insufficient and on June 6 was rein-

forced by an auxiliary supply which had not been used for some months.

These visitors maintained a cafeteria on the banks of the canal near

the Inn and the possibility of this being the source from which the

typhoid spread was considered. In spite of reports of unsanitary con-

ditions, investigation failed to reveal that conditions were any worse

than many which were constantly present on the assembly grounds. Nor
does there seem to have been more illness among those in charge of the

cafeteria than among others. Indeed, the help was reported to be unusu-

ally free from sickness at the time. While there was much typhoid among
those who had attended the conference, the percentage of sickness was

"Proc. Ind. Acad. Sci.. vol. 34, 1925 (1926)."
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no greater and perhaps even less than among others who were on the

grounds at the time or soon afterwards and who had not eaten at

this cafeteria. This would seem to argue against the possibility of a

specific carrier in connection with the cafeteria.

Early in June, generally reported as about Sunday, June 7, much
gastro-intestinal disturbance occurred among the residents and visitors

at Winona Lake. Indeed, it seemed as if a large percentage of the

population was ill with this malady for a few hours or a few days

and it became a matter of current remark that visitors to the grounds

were taken sick within a few days after their arrival. This trouble

continued throughout most or all of June, gradually abating toward the

end of the month.

Everything pointed to the general water supply as the source of

the infection as no localized supply could have produced such wide-

spread illness.

The Winona Lake water supply is furnished by the Interstate Pub-

lic Service Company of Warsaw, but is distinct from the Warsaw supply.

Most of it comes from deep wells near the gravel pits north of the

Pennsylvania Railroad tracks. It is apparently pure and free from

pollution. Most of it is pumped directly into the mains without treat-

ment. At certain times during the day water is pumped from a deep

well on the hill east of the Mount Memorial building into twin tanks

which serve as a reserve for use during those portions of the 24 hours

when the demands are heaviest.

A few years ago another water system was installed, taking water

from the canal, to be used only for sprinkling and flushing the public

toilets.

There was supposed to bo no connection whatever between these

two systems as the canal was known to be grossly polluted from many
private sewers which empty into it.

When the water supply became insufficient on June 6, an old cistern

which had formerly been a part of the supply, but had been abandoned

some months before, was again connected with the system. This

"cistern" is really a large well, supposedly fed by springs, and was

not known to receive surface water from any source. Indeed, tests with

fluorescein and other dyes failed to show any connection with surface

water or sewers. The water company claims that before this connection

was made the water which had been standing in this well was pumped
out and allowed to run into the sewer. Thus only fresh water was

pumped into the mains. There are some who deny that the well was
pumped out before being connected.

The water from this well was pumped into the mains for three

days, being disconnected June 8 or 9. When examined by Doctor Rice

July 1, it was slightly turbid, with a barely noticeable odor and stale

taste. A bacteriological analysis of a sample of the water, while not

entirely satisfactory, failed to show sufficient pollution to account for

an epidemic. A sample of water taken at the same time from the

town supply at the home of John O. Motto on Administration Boulevard,

showed an unexpected high degree of pollution which could not be ac-

counted for by contamination with the old well water.
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The Interstate Public Service Company while hunting evidence for

some source of pollution other than the old well, discovered on July

8 that the hands of the master meter at the corner of Parkway and

Administration Boulevard were turning- backward. An examination

of previous readings revealed the following record : June 8, 365,000

gallons; June 26, 465,000 gallons; July 7, 4 P. M., 331,970 gallons;

July 8, 7:30 A. M., 328,700 gallons. Evidently the meter had been

running backwards which would only be accounted for by a back flow

of water.

An immediate search was made for the cause. Underneath the

public toilets, two cross connections were found, one under each toilet,

joining the sprinkling and flushing system for the toilets with the

public drinking water. Inquiry disclosed the fact that these connections

had been made in March though the law prohibits all such connections

and the State Board of Health forbids them. The valves separating

the two systems were closed at the time of the discovery and it is

claimed that they had been opened only on one occasion. This was
when the pump at the canal broke down, perhaps on June 5, and the

city water was then on only two hours. The connection from the sprink-

ling system, it is claimed, was broken before the valve to the town
supply was opened and this valve was carefully closed again before

the connection with the sprinkling system was re-established. No very

definite statement, however, could be obtained and the workmen seemed

somewhat confused in regard to the valves, one of them actually declar-

ing a certain valve to belong to the town system which was later found

to belong to the sprinkling system. Both valves were easily accessible

and might have been opened by anyone at any time. As the pump at

the canal when operating developed 60 pounds pressure and the fire

hydrant on the water mains at Parkway and Administration Boulevards

showed only 40 pounds, it is easily seen that if the valves were open

when the pump was operating, there would be a back flow into the town
mains and cause the meter to reverse. It is quite significant that a

number of people spoke of the disagreeable taste and odor which the

water had early in June. "It tasted and smelled just like canal water."

The barber said it was not fit to put on a man's face, it had such a

disagreeable odor when hot.

A study of the distribution of the typhoid cases in Winona Lake
is also interesting. Of the 24 cases which occurred on the Assembly
Grounds, 19 were on Parkway or Administration Boulevards, mostly
grouped near the point at which the branch line for the toilets was
taken from the water mains. This is exactly what would be expected
if water from the sprinkling system backed up into the town mains as

the water in this section would naturally be the most highly polluted.

It would also explain the highly polluted sample taken at the home of

Mr. Motto. It was in this part of town that the disagreeable taste

and odor was most often mentioned.

In order to supply the crowds of the conference, a row of drinking
fountains was put up along Parkway in front of the barber shop just

at the point where the branch line to the toilets was taken off from
the mains. Undoubtedly, many of the visitors were infected from
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drinking at these fountains as it was here the largest crowds collected.

After the line to the toilets had been disconnected, flourescein was
put into the canal and the pump started in order to determine if there

were any other connections between the two systems. Though the

water in the sprinkling system was very green, no trace of the dye

could be found in the town mains, showing that no other connections

existed. The sprinkling system was then ordered abandoned and the

pump dismantled. It is quite significant that both the Winona Hotel

and the Westminster Hotel have their own water supply and only one

case of typhoid occurred in them. One of the girls at the Winona Hotel

went home with the disease August 2. These hotels also were almost

entirely free from the gastro-intestinal disorder that was so prevalent

in other parts of the grounds.

While the total number of cases occurring in Winona Lake and

Warsaw was about 30, "The Gospel Messenger", the official organ of

the Church of the Brethren, on August 22, listed 140 cases which had

been officially reported to them among people who had visited the

grounds in June. Of these cases, 22 were fatal, making a mortality of

over 15 per cent, which is high even for typhoid fever. Undoubtedly,

there were many cases not reported or listed.

That the epidemic was wide-spread is shown from the following

towns given in a list of 13 cases published in "The Messenger" August
8: Leon, Iowa; Mt. Sidney, Va. ; Irricana, Alberta; Sebring, Fla.; Hemet,

Calif.; the disease being scattered from the Atlantic to the Pacific,

from Canada to the Gulf.

To prevent future trouble, a chlorinating plant has been installed

at the Winona pumping system and a new sewer is contemplated.

Exactly how the infection found its way into the town supply will

probably never be known but it seems safe to assert that it was un-

doubtedly canal water from the sprinkling system which came by way
of the physical connections underneath the public toilets. Probably this

water was flowing into the mains for a number of days whenever the

pump at the canal was in operation.
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THE BIOTA OF A SECTION OF THE UPPER
TIPPECANOE RIVER.

Will Scott, Indiana University.

The upper Tippecanoe River is the only stream in Indiana which

remains approximately in a natural condition. By the upper Tippecanoe,

is meant the Tippecanoe from its source to the point where it turns

south near Ora, Indiana.

This part of the stream can be divided into sections of six or

more types. For instance, just west of Warsaw it has a gravel bottom,

has some trees along its banks, but is exposed to the sun for at least

a part of the day. Much of this section produces a dense growth of

eel grass (Vallisneria) . Southwest of Atwood the river flows through

a swamp. This is followed by a section of swampy woodland, where

the river is shaded, contains few if any attached plants, and is ob-

structed at rather frequent intervals by logs and drifts.

It is planned to select a typical section in each of these divisions

and make a quantitative estimate of the biota in order that some notion

may be had of the stream's productivity.

During the summer of 1925 a beginning was made. This paper is

a preliminary report of this study.

The section selected lies in Sec. 10, R.V.E., T. 32 N. about four miles

west of Warsaw in Kosciusko County.

The physical facts are as follows:

Length of section=135 M.=440 ft.

Avg. Width=30 M.=97.5 ft.

Area=4050 sq. M.
Avg. depth on base line=.46 M.=1.54 ft.

Area of cross section on base line=13.94 sq. M.=150 sq. ft.

Avg. current rate=.0826 M.=.271 ft. per sec.

Rate of discharge=1.15 cu. M. per sec.=40.65 sec. ft.

This is 15 per cent of the minimum discharge at Springboro on the

lower Tippecanoe a few miles above its mouth. The maximum temper-

ature observed was 26° C.

About two-thirds of this section is covered with eel grass (Vallis-

neria). This grass has a very remarkable effect in the distortion of
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Fig. 1—Cross-section of stream showing current rate. See text for full explanation.

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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the normal distribution of current rates. On a meander in an unob-

structed stream the most rapid water is between mid-stream and the

outer curvature. The sharper the curvature and the steeper the gradient,

the nearer to the shore is the maximum current rate.

Fig. I—Map of a section of Tippecanoe River near center of Sec. 10, R. 5 E.

32 N. Dotted line indicates west limit of dense eel grass.

The conditions in this section are shown in figure 1. The abscissa is

the stream width and the ordinate is the current rate. The right side

of the figure is the inside of the curve and the left the outside. The

minimum is near mid-stream, slightly nearer the outer curve. The

maximum is near the inner curvature with a second increase in rate

near the outer curvature. See also figure 2.
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Quadrats one meter square on different types of bottom in the sec-

tion were selected. Cheese cloth was staked on the down-stream side of

the quadrat and continued one-half meter up-stream on the laterals.

All the microscopic organisms were removed, placed in tubs, sorted,

counted and the more significant ones weighed. The more numerous

organisms were eel grass, Sphaerium, snails and a tricopteron larva

(Hydropsychidae)

.

The eel grass area amounted to two-thirds the total, or 2700 sq. M.

Quadrat 7 contained the maximum amount, 3975 grams wet weight. Its

dry weight was 350 grams.

The average amount for the area was 2400 grams per sq. M.

Total for the area; wet weight, 6480 kilos.=14,862 lbs.

Amount per mile of stream: wet weight, 180,480 lbs.; dry weight,

15,891 lbs.

Next to the eel grass the most conspicuous member of the biota

was the bivalve Sphaerium, which reached a maximum of 272 per sq. M.

with an average of 222 per lb.

The average weight per individual was .15 gram.

Number in area=880,000.

Weight per area=132 kilos.=202 lbs.

Weight per mile of stream=3345 lbs.

What seemed to be the most easily available fish food was a caddis

fly larva (Hydropsychidae). Their average number per square meter

was 110, the weight of which was 3 grams.

Weight for the area: wet=8711 grams=20+ lbs.; dry=2.38 lbs.

Weight per stream mile: wet=790 lbs; dry=94 lbs.

Goniobasis was the most numerous of the snails, although Physa,

Pleuroceua, and Campeloma were present.

Near the shores the bottom became covered with organic detritus.

Quadrats in this area yielded a different fauna from the typical mid-

stream quadrats.

Quadrat 2 near the right shore contained 16 burrowing mayfly

larvae (Hexagenia) and the following Odonata nymphs: Macromia,

Dromogomphus 3, Hagenius 1. Seventy-four chironomus larvae were

taken from this quadrat which was the maximum for the section.

Most of these observations were made late in July when the eel

grass was approaching its maximum. Observations made earlier in the

season indicate that the number of crayfish (Cambarus) taken in the

quadrat collections is too low. It is difficult to capture them in the eel

grass but collections early in June can be made to approximate quantita-

tive results.

The entomostraca and copepoda were not estimated. They are

found among the eel grass or near the bottom. Their habitat corre-

sponds to the littoral in the lakes rather than the pelagic. They can

be most accurately estimated by dipping a measured quantity of water
and scouring it through a silk net.

It is a pleasure to acknowledge the assistance of my colleagues and
students of the Biological Station. Especially should I note the work
of Mr. F. F. Carpenter with the map and Mr. Herman P. Wright with

the records.
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CONSTITUTION AND BY-LAWS.

Indiana State Academy of Science.

CONSTITUTION.

ARTICLE I.

Section 1. This association shall be called the Indiana Academy of

Science.

Sec. 2. The objects of this Academy shall be scientific research and

the diffusion of knowledge concerning the various departments of sci-

ence; to promote intercourse between men engaged in scientific work,

especially in Indiana; to assist by investigation and discussion in de-

veloping and making known the material, educational and other sources

and riches of the State; to arrange and prepare for publication such

reports of investigation and discussion as may further the aims and

objects of the Academy as set forth in these articles.

Whereas, The State has undertaken the publication of such pro-

ceedings, the Academy will, upon request of the Governor, or one of the

several departments of the State, through the Governor, act through

its council as an advisory body in the direction and execution of any

investigation within its province as stated. The necessary expenses

incurred in the prosecution of such investigation are to be borne by the

State; no pecuniary gain is to come to the Academy for its advice or

direction of such investigation.

The regular proceedings of the Academy as published by the State

shall become a public document.

ARTICLE II.

Section 1. Members of this Academy shall be honorary fellows,

fellows, non-resident members, and active members.

Sec. 2. Any person engaged in any department of scientific work,

or in any original research in any department of science, shall be

eligible to active membership. Active members may be annual, life

members or patrons. Annual members may be elected at any meeting

of the Academy; they shall sign the constitution, pay an admission fee

of two dollars and thereafter an annual fee of one dollar. Any person

who shall at one time contribute fifty dollars to the funds of this

Academy may be elected a life member of the Academy, free of assess-

ment. Any person who shall at one time contribute one hundred dol-

lars to the funds of this academy may be elected patron, who shall be

a life member of the Academy, free of dues. Non-resident members
may be elected from those who have been active members but who have
removed from the State. In any case, a three-fourths vote of the mem-
bers present shall elect to membership. Application for membership
in any of the foregoing classes shall be referred to a committee on

"Proc. Ind. Acad. Sci., vol. 34, 1925 (1926)."
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application for membership, who shall consider such application and

report to the Academy before the election.

Sec. 3. The members who are actively engaged in scientific work,

who have recognized standing as scientific men, and who have been

members of the Academy at least one year, may be recommended for

nomination for election as fellows by three fellows or members per-

sonally acquainted with their work and character. Of members so

nominated a number not exceeding five in one year may, on recom-

mendation of the Executive Committee, be elected as fellows. At the

meeting at which this is adopted, the members of the Executive Com-
mittee for 1894 and fifteen others shall be elected fellows, and those

now honorary members shall become honorary fellows. Honorary fel-

lows may be elected on account of special prominence in science, on the

written recommendation of two members of the Academy. In any case

a three-fourths vote of the members present shall elect.

ARTICLE III.

Section 1. The officers of this Academy shall be chosen by ballot

at the annual meeting, and shall hold office one year. They shall con-

sist of a President, Vice-President, Secretary, Assistant Secretary, Press

Secretary, Editor, and Treasurer, who shall perform the duties usually

pertaining to their respective offices and in addition, with the ex-Presi-

dents of the Academy, shall constitute an Executive Committee. The
President shall, at each annual meeting, appoint two members to be a

committee which shall prepare the programs and have charge of the

arrangements for all meetings for one year.

Sec. 2. The annual meeting of the Academy shall be held in the

city of Indianapolis within the week following Christmas of each year,

unless otherwise ordered by the Executive Committee. There shall also

be a summer meeting at such time and place as may be decided upon
by the Executive Committee. Other meetings may be called at the dis-

cretion of the Executive Committee, The past Presidents, together with

the officers and Executive Committee, shall constitute the council of the

Academy, and represent it in the transaction of any necessary business

not especially provided for in this constitution, in the interim between
general meetings.

Sec. 3. This constitution may be altered or amended at any annual

meeting by a three-fourths majority of the attending members of at

least one year's standing. No question of amendment shall be decided

on the day of its presentation.

BY-LAWS.

1. On motion, any special department of science shall be assigned

to a curator, whose duty it shall be, with the assistance of the other

members interested in the same department, to endeavor to advance

knowledge in that particular department. Each curator shall report at

such time and place as the Academy shall direct. These reports shall

include a brief summary of the progress of the department during the

year preceding the presentation of the report.
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2. The President shall deliver a public address on the morning of

one of the days of the meeting at the expiration of his term of office.

3. The Press Secretary shall attend to the securing of proper news-

paper reports of the meetings and assist the Secretary.

4. No special meeting of the Academy shall be held without a

notice of the same having been sent to the address of each member at

least fifteen days before such meeting.

5. No bill against the Academy shall be paid without an order

signed by the President and countersigned by the Secretary.

6. Members who shall allow their dues to remain unpaid for two

years, having been annually notified of their arrearage by the Treas-

urer, shall have their names stricken from the roll.

7. Ten members shall constitute a quorum for the transaction of

business.

8. An Editor shall be elected from year to year. His duties shall

be to edit the annual Proceedings. No allowance shall be made to the

Editor for clerical assistance on account of any one edition of the Pro-

ceedings in excess of fifty ($50) dollars, except by special action of the

Executive Committee.
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